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MALCOLM PIRNIE, INC. PROJECT NOTES 

To:File Date:December 9, 1993 

From:David Kahlenberg Project #:8003-093 

Subject: Vicinity Property Waste Pile (VPWP) Site NameiMiddlesex Sampling Plant (MSP) 

The VPWP source contains 35,173 yd 3 of material as a result of both the Phase I and II Remedial Actions 
associated with the MSP site (Ref. No. 12, p. 13). Since the removal actions are not qualified according to the 
United States Environmental Protection Agency, "Revised Hazard Ranking System: Evaluating Site's After 
Waste Removals,' Publication 9345.1-03FS, October 1991; the volume scored for the VPWP source was 
calculated as follows: 

Location Actual Volume (vd3) Excavated Quantity (vd3) Volume Scored* (yd3) 

VPWP 35,172 25,793 
432 William St. 1,780" 
650 Harris Ave. 5,943 0 

217 Mountain Ave. 254 d 

223 Mountain Ave. 410 0 

233 Mountain Ave. 802' 
312 Mountain Ave. 190 9 

Total: 9,379 

Note: 

a - VPWP Volume Scored = Actual Volume - 2 Excavated Quantity 
b - Ref. No. 24, p. 4-4 
c - Ref. No. 24, p. 4-4 { 

d - Ref. No. 26, p. 86 ' 
e - Ref. No. 26, p. 86 
f - Ref. No. 26, p. 86 
g - Ref. No. 24, p. 4-4 



REFERENCE NO. 21 

3fK 



MALCOLM PIRNIE, INC. PROJECT NOTES 

To:File Date:December 9,1993 

From:David Kahlenberg Project #:8003-093 

Subject: Radiological Background Conditions Site Name:Middlesex Sampling Plant (MSP) 

Background radiological levels in soils indicative of the MSP site vicinity are: 

Uranium-238 (*MU): 

66 dis/Ka sec x (60sec/min) x (DCi/2.22 dDm) x (ka/ 1000 a) = 1.78 pCi/a 

Reference: NCRP 94, p. 61 (Attached) 

Thorium-232 f32Th): 

37 Ba/ka or 1 pCi/a 

Reference: NCRP 94, p. 61 (Attached) 

Radium-226 ("'Ra): 

1.1 pCi/q 

Reference: U.S. Dept. Health and Human Services, Radium, p. 53 (Attached) 

External Gamma Radiation: 

81 mrad/vr x (1 vear/365 davs) x (1 dav/24 hours) x (103 jL/rad/mrad) = 9.25 urad/hr 

Reference: NCRP 94, p. 87 (Attached) 
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TABLE 4.3—Summary of concentrations of major radionuclides in major rock types and soW 

Rubidium-87 Potassium-40 Thorium-232 Uranium-238 

Rock type Percent 
total BqAg" 

ppin total 
rubidium 

Bo/kg- ppm Bo/kg*' ppm Bq/kg^" 

Igneous rocks 
7-10 Basalt (cnistal average) 0.8 300 40 30 3-4 10-15 0.5-1 7-10 

Mafic* 0.3-1.1 70-400 10-50 1-40 1.6, 2.7 7,10 0.5,0.9 7, 10 

Salic" 4.5 1,100-1,500 170-200 150-180 16,20 60,80 3.9, 4.7 50,60 

Granite (crustal average) >4 >1,000 170-200 150-180 17 70 3 40 

Sedimentary rocks 
3.7 40 Shale sandstones: 2.7 800 120f 110 12 50 3.7 40 

Clean quartz <1 <300 <40* <40 <2 <8 <1 <10 

Dirty quartz 2? 400? 90? 80? 3-6? 10-25? 2-3? 40? 

Arkose 2-3 600-900 80-120' 80 2? <8 1-2? 10-25? 

Beach sands (unconsolidated) <1 <300? <40? <40? 6 25 3 40 

Carbonate Rocks 0.3 70 10 8 2 8 2 25 

Continental upper crust 
Average*' 2.8 850 112 100 10.7 44 2.8 36 

Soils" 1.5 400 65' 50 9 37 1.8 66 

• References cited in text unless otherwise noted; single values are averages; values estimated in absence of reference are followed by 

question mark. 
b 1 Bq = 27 pCi. 
c To obtain aeries equilibrium alpha, beta, or approximate gamma (excluding bremsstrahlung and x radiation) activity, multiply by 6, 4, or 

3 respectively. 

"To obtain series equilibrium alpha, beta, or approximate gamma (excluding bremsstrahlung and x radiation) activity, multiply by 8, 6, or 

3, respectively. 
• From Clark et a l (1966); for potassium and rubidium, the range of values for rocks within the class is given; for thorium and uranium, 

the median and mean values are given, respectively. 
'Estimated by application of crustal abundance ratio with respect to potassium. 
« From Taylor and McLennan (1985). 
k In-situ gamma-spectral measurements at 200 locations by Lowder et a l (1964). 
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5.5 VARIATIONS IN TERRESTRIAL RADIATION / 

5.5.3 Annual and Seasonal Variations 

In the U. S., the longest record of outdoor absorbed dose rate in air 
has been published in a series of reports by the Environmental Meas
urements Laboratory. One set of measurements has been made with a 
pressurized ionization chamber at a rural site in Chester, NJ. For 
example, the data for 1984 (Miller et al., 1985) showed a mean of 810 
uGy/y (81 mrad/y) with a range for daily averages of 540 to 910 uGy/ 
y (54 to 91 mrad/y). Minimum absorbed dose rates in air appear in 
the winter. 

A second data set has been reported by Gulbin and dePlanque (1983) 
and covers ten years of TLD measurements at four outdoor sites in 
the New York Metropolitan Area as well as indoor measurements at 
two of these sites. A summary of the data is given in Table 5.6 and 
the monthly variability in total external exposure for the two sites is 
shown in Figure 5.11. At these two sites, at least, the indoor exposures 
do not show as sharp a drop in winter as do the outdoor locations. 

5.6 Summary of Population Dose Rates 

A summary of the population-weighted dose rates in air, outdoors, 
from terrestrial sources is presented in Table 5.7. This table was 

TABLE 5 6—Gamma-ray exposure rates and absorbed dose rates in air at 5 sites in the 
New York metropolitan area. Ten-year mean values, 1971-81, measured with monthly 

Total 
exposure 

rate 
eGy/h" 

Net 
exposure 

rate* 
*Gy/hb 

Absorbed 
dose rate 
j i G y / v " 

Monsey, NY 
300 Outdoors 0.061 0.035 300 

Indoors 0.063 0.037 330 
Maplewood, NJ 

360 Outdoors 0.067 0.041 360 

1st Floor 0.057 0.030 270 
2nd Floor 0.050 0.024 210 

Union, NJ 
370 Outdoors 0.069 0.043 370 

Greenlawn, NY 
310 Outdoors 0.062 0.036 310 

ine correcuun iur uw icnpuiwc wi * ** ™ ~~ 
the Net exposure rate column is an approximation but should be adequate for the data 
shown in this table. 

b 1 nGy = 100 urad. -
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5. POTENTIAL FOR HUMAN EXPOSURE 

(treated) water supplies i s lower than that i n raw w e l l water (Watson 
et a l . 1984). The radium content of surface water i s usually very low. 
Radium-226 generally ranges from 0.1 to 0.5 pCi/L (0.004 to 0.019 Bq/L) 
(Hess et a l . 1985). Based on 990 random samples of drinking water from 
ground water sources, the average population-weighted concentrations of 
radium-226 and radium-228 i n the United States (excluding Hawaii) were 
about 0.91 pCi/L (0.034 Bq/L) and 1.41 pCi/L (0.052 Bq/L), respectively 
(Longtin 1988). Approximately 90% of these samples contained radium-226 
at less than 1 pCi/L (0.04 Bq/L); s i m i l a r l y , about 90% contained 
radium-228 at less than 1 pCi/L (0.04 Bq/L). (These were not 
necessarily the same water sources.) However, there were approximately 
200 public water supplies with radium-226 a c t i v i t i e s a f t e r treatment 
that were i n excess of the regulatory maximum contaminant l e v e l (MCL) of 
5 pCi (0.19 Bq) t o t a l radium/L (Hess et a l . 1985). The mean radium-226 
a c t i v i t y of the supplies i n excess of the MCL was about 10 pCi/L 
(0.37 Bq/L). 

A survey on the occurrence of radium-228 i n municipal water 
supplies i n I l l i n o i s , Iowa, Missouri, and Wisconsin indicated t h a t the 
a c t i v i t y of t h i s isotope may range from 0.3 to 32.0 pCi/L (11.1 to 
1,180 mBq/L) (Lucas 1985), while Michel and Cothern (1986) reported t h a t 
t y p i c a l concentrations are less than 1 pCi/L (37 mBq/L). 

There are few data on the occurrence of radium-224 i n water. I t 
has been speculated that the a c t i v i t y of t h i s isotope could approach 30 
to 40 pCi/L (1,110 to 1,480 mBq/L) (EPA 1985a). 

Data on the presence of radon i n groundwater can be used as a guide 
to the presumably corresponding presence of radium i n the same source. 
Based on descriptions of aquifer composition or l i t h o l o g y and data from 
state water-resource agencies, counties w i t h p o t e n t i a l l y high level s of 
radon i n groundwater have been i d e n t i f i e d by Michel (1987). These 
estimates indicate that the U.S. counties w i t h the highest levels, of 
radium would be found i n many areas of the Western t h i r d of the country, 
including large areas of C a l i f o r n i a , Nevada, Idaho, and Montana. 
Wisconsin and Minnesota would also have high lev e l s . I n the East, the 
Appalachian Mountain region including almost a l l of Maine and New 
Hampshire would have high l e v e l s , as w e l l as a large section of c e n t r a l 
Florida. I t i s important to note that q u a n t i t a t i v e estimates are not 
available, and the p o t e n t i a l l y "high" values f o r radon and radium imply 
only a comparison to other areas, not necessarily a r i s k to human health 
or the environment. 

5.4.3 S o i l 

The mean concentration of radium-226 i n 356 surface s o i l samples 
col l e c t e d from 0 to 6 cm i n 33 states was 1.1 pCi/g (0.041 Bq/g) (Myrick 
et a l . 1981). This mean concentration i s very s i m i l a r to those reported 
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5. POTENTIAL FOR HUMAN EXPOSURE 

for typical igneous rocks (1.3 pCi/g or 0.048 Bq/g), sandstone 
(0.71 pCi/g or 0.026 Bq/g), shale (1.1 pCi/g or 0.041 Bq/g), and 
limestone (0.42 pCi/g or 0.016 Bq/g) (Eisenbud 1973). The concentration 
of radium-226 i n s o i l s in Northern I t a l y was reported to average 
0.72 pCi/g [range: 0.08 to 3.8 pCi/g (0.003 to 0.14 Bq/g)] (DeBortoli 
and Gaglione 1972), excluding regions with extremely high levels of 
natural radioactivity (no data presented). 

The concentrations of radium-226 in soils that.were contaminated by 
mining or milling a c t i v i t i e s have ranged from less than 1 to 3,700 pCi/g 
(0.037 to 137 Bq/g) (Kalin 1988; Landa 1984; Tracy et a l . 1983). No 
information was located on the occurrence of the other radium isotopes 
in s o i l or rocks. 

The presence of uranium in s o i l can be used as an indication of 
occurrer.ee of radium and radon in the same location. Based on 
geological reports and data synthesized from the National Uranium 
Resource Evaluation (NURE) program, areas with potentially high radon 
levels in s o i l gas have been identified by Michel (1987). These areas 
would have correspondingly high s o i l radium levels, although 
quantitative estimates are not available. These uranium "hot spots" 
occur with more frequency in the Western third of the United States, and 
include large areas of California and Idaho. High concentrations have 
been found in Wisconsin and Minnesota and a very dense area has been 
identified in western Missouri/eastern Kansas. In the East, high levels 
appear generally along the Appalachian mountains and near industrialized 
s i t e s . High levels have also been found in the northern to central 
sections of Florida. 

5.4.4 Other Media 

Radium-226 may occur in many different foods, and reported 
act i v i t i e s have varied considerably. The mean radium-226 contents of 
diets in 11 c i t i e s i n the United States were estimated to be 0.52 to 
0.73 pCi/kg of food consumed (0.019 to 0.027 Bq/kg) (Eisenbud 1973). 
Estimates of the mean concentrations of radium-226 in milk and beef are 
0.23 pCi/L (0.009 Bq/L) and 0.22 pCiAg (0.008 BqAg) (fresh weight), 
respectively, i n the United States (Watson et a l . 1984). No information 
was located on the occurrence of radium-228 in food. 

5.5 GEKERAL POPULATION AND OCCUPATIONAL EXPOSURE 

Major sources of exposure to radium by the general population are 
the consumption of drinking water and food (Table 5-1). Of the many 
radionuclides found in nature, radium i s considered to be one of the 
most important because of i t s wide occurrence in groundwater, and 
because i t , l i k e calcium, i s retained in bone tissues (Aieta et a l . 
1987). Bone cancer i s the greatest health risk from exposure to radium. 
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PREFACE 

This series of reports results from a program i n i t i a t e d i n 1974 by 

the Atomic Energy Commission (AEC) for determination of the condition of 

sites formerly u t i l i z e d by the Manhattan Engineering D i s t r i c t (MED) and 

the AEC for work involving the handling of radioactive materials. Since 

the early 1940's, the control of over 100 sites that were no longer required 

for nuclear programs has been returned to private industry or the public for 

unrestricted use. A search of MED and AEC records indicated that for some 

of these s i t e s , documentation was i n s u f f i c i e n t to determine whether or not 

the decontamination work done at the time nuclear a c t i v i t i e s ceased i s 

adequate by current guidelines. 

These reports contain the results of surveys of the current radio

l o g i c a l condition of these s i t e s . Based upon the findings of the surveys, 

further evaluation w i l l be made at those sites where r a d i o a c t i v i t y above 

natural background i s i d e n t i f i e d to determine whether further measures 

should be undertaken to assure the protection of the public health and 

safety. 

The work reported in this document was conducted by the following members of the Health and Safety Research 
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee: 

H. W. Dickson F. F. Haywood 
R. W. Leggett W. A. Goldsmith 

3** 

W. D. Cottrell 
W. F. Fox 
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RADIOLOGICAL SURVEY OF THE MIDDLESEX SAMPLING PLANT 
MIDDLESEX, NEW JERSEY* 

ABSTRACT 

The results of a radiological survey of the former Middlesex Sampling 

Plant, Middlesex, New Jersey, are presented in this report. The surveyed 

property served as a uranium ore sampling plant during the 1940's and 

early 1950's. I t was released for unrestricted use in 1968 following a 

radiological survey by the Atomic Energy Commission and is now a reserve 

training center for the U. S. Marine Sixth Motor Transport Battalion. 

The present survey was undertaken to determine whether the existing 

radiological status of the property is consistent with current health 

guidelines and radiation protection practices. The radiological survey 

included measurement of residual alpha and beta-gamma contamination 

levels, radon and radon daughter concentrations in buildings, external 

gamma radiation levels on the site and on adjacent property, and radium 

concentrations in soil on the site and on adjacent property. 

Surface contamination levels exceeded U. S. Nuclear Regulatory Commission 

222 

(NRC) guidelines and Rn concentration levels exceeded the non-occupational 

maximum permissible concentration MPC of 3 pCi/liter in some structures. 

These results indicate the possible need for extensive radon and radon 

daughter measurements in structures both onsite and off s i t e over periods 

as suggested by the U.S. Surgeon General (as adopted in 10 CFR 712). 



Radium concentrations onsite and off s i t e range as high as 551 pCi/g and 

2400 pCi/g, respectively. 

INTRODUCTION 

At the request of the Energy Research and Development Administration, 

Oak Ridge Operations, a radiological survey was conducted in Middlesex, 

New Jersey, at the former Middlesex Sampling Plant, which served as a 

uranium ore sampling plant in the 1940's and early 1950's. The site is 

now occupied by the Sixth Motor Transport Battalion of the U. S. Marine 

Corps and serves as a reserve training center. I t is adjacent to several 

Middlesex homes and business establishments and is drained by three 

drainage ditches which, in turn, flow into a main stream, (see Fig. 1) 

This f a c i l i t y served as a storage depot and a sampling plant during 

the 1940's and early 1950's for Belgian Congo uranium ore, which usually 

contains equilibrium amounts of radium. The plant was decommissioned in 

the mid-1950's, and the sampling was shifted to other locations. Originally 

the plant was operated by the Department of the Army, but control was 

transferred to the Atomic Energy Commission (AEC) after the formation of 

the AEC in 1946. The AEC maintained control, of this seven-acre site 

u n t i l 1968, when i t was turned over to the General Services Administration 

and, subsequently, to the Department of the Navy. 

The property was last surveyed in 1967 subsequent to decontamination 

and prior to release by the AEC. The decontamination consisted of 

removal of some of the contaminated soil and sandblasting and cleaning 

of the building surfaces. Due to the lack of documentation on the 



radiological status o£ the property at the conclusion of the 1967 decon

tamination and the concern of ERDA to maintain radiation exposure to a 

level as low as reasonably achievable (ALARA), the site has been resurveyed 

to determine the magnitude of radiation levels due to residual contamination 

on the property and the extent of any off s i t e contamination. 

A radiological survey was conducted by three health physicists from 

Oak Ridge National Laboratory (ORNL) during the period of March 29-April 

16, 1976. The survey included the site proper, adjoining property belonging 

to individuals and the Borough of Middlesex, and the major drainage path 

from the site to a nearby brook. This survey, consisted of. the measurement 

of (1) alpha contamination levels and beta-gamma dose rates in buildings 

and throughout the site; (2) radon and radon daughter air concentrations 

in buildings; (3) external gamma radiation levels on the site and on 

nearby property; and (4) radium concentrations in soil on the site, on 

adjacent property, and in drainageways carrying runoff from the site. 

The discovery, during this survey, of significant levels of con

tamination in the flood plain and drainage path to the south and west of 

the plant site predicated a supplemental survey. Additional measurements 

were made during the period May 10-21, 1976, to determine (1) radon and 

radon daughter concentrations in dwellings and business establishments 

on adjacent property; (2) external gamma radiation levels in dwellings 

and business establishments on adjacent property; (3) radium concentra

tions in soil on adjacent property, in the low-lying area to the south 

of the main site, and along the banks of a small creek which drains the 

area; and (4) external gamma radiation levels at one meter above the 
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surface for those areas where the concentration of radium in the soil 

was measured. 

RADIOLOGICAL SURVEY TECHNIQUES 

Measurement of Residual Alpha and Beta-Gamma Radiation Levels 

The fixed contamination levels of floor, wall, and roof surfaces of 

the buildings were measured with gas-proportional alpha and Geiger-

Muller beta-gamma survey meters. These survey meters are described in 

Appendix I . The direct readings were averaged over the area surveyed 

and are reported as the "general" contamination found in that area. The 

maximum readings in the specified area are also reported. Survey meters 

were also used to measure alpha and beta-gamma contamination at outdoor 

locations. Transferable contamination levels in the buildings were 

measured using standard smear techniques. The smear counters are de

scribed in Appendix I . 

Measurements of Radon and Radon Daughter Air Concentrations in Buildings 

Measurements were made of radon and radon daughter concentrations 

in the buildings by both grab-sample and continuous-monitoring techniques 

The radon daughter grab samples were analyzed using an alpha spectrometry 

technique refined by Kerr.1 

Additional radon and radon daughter measurements were made with the 

assistance of the Health and Safety Laboratory (HASL), ERDA. Radon grab 

samples were taken using evacuated glass flasks coated inside with a 

* 7 

A standard smear is performed by wiping 100 cm" of a surface with f i l t e r 
paper on soft absorbent paper. Moderate pressure is applied by the tips 
of the f i r s t two fingers to the back of the f i l t e r paper. 

( 
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uniform layer of zinc sulfide.. Scintillations from this layer of zinc 

sulfide are measured with a photomultiplier tube and are used to give 

2 
instantaneous radon levels. Also, continuous measurements were made 

3 4 

of radon and radon daughter levels in air using monitors ' from HASL. 

These were placed at three positions in buildings on the site. 

Errors associated with a l l radon and radon daughter measurements 

are expected to be ±20%. While the spectroscopy technique is expected 

to be the most accurate for a given measurement, the resulting working 
* 

level (WL) values may not be used to predict average annual conditions be- -

cause of the short-term, noncontinuous nature of the sampling. Consequently, 

the measurements from the continuous-monitoring techniques are more 

representative of long-term average concentrations than those from the 

grab-sample techniques. I t should be noted, however, that even continuous 

sampling over a period of 2 to 5 weeks cannot be extrapolated to annual 

conditions. 

In order to measure radon emanation from surfaces on the site and 

on adjacent property, a charcoal canister technique5 developed by HASL 

was used. The radon flux emanating from the surface gives a qualitative 

indication of the radium levels in the soil or material underlying the 

measurement point. Several variables, including porosity of the s o i l , 

moisture content, and ambient temperature affect the measured values. 

Therefore, this technique should be regarded as only an indication of 

the relative magnitude of the radium levels. 

* 

A working level (WL) is defined as any combination of radon daughters in 
one l i t e r of air that w i l l result in the ultimate emission of 1.3 x 105 

MeV of alpha particle energy. 
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Measurement of External Gamma Radiation Levels 

The external gamma radiation levels were measured with s c i n t i l l a t i o n 

and Geiger-Muller type survey meters (described i n Appendix I) and with 

thermoluminescent dosimeters (TLD's). The survey meter measurements are 

indicative of the instantaneous exposure rate at the point of measurement, 

while the TLD readings allow calculation of time-averaged exposure rates 

over a period of approximately six weeks. Radiation levels at the 

surface and at one meter above the surface were measured. 

Errors of ±30% or more are typical for survey instrument readings. 

However, thermoluminescent dosimeters are, in general, accurate to ±10% 

for environmental dosimetry in the exposure range encountered in this 

survey. 
f 

Measurements of Radium Concentrations in Soil 

The grid shown in Fig. 2 and Fig. 3 was used to locate positions 

at which soil core samples were taken to assess radium and uranium 

concentrations. Samples were taken by a split-spoon sampling technique. 

A motorized d r i l l i n g r i g with a three-inch sampler was used at some 

locations; the remaining samples were gathered with a manually-operated, 

portable, one-inch sampler. In both cases the sampling tube was driven 

into the ground to a known depth, removed, and disassembled to obtain 

the continuous core sample. The samples were packaged in plastic bags 

or bottles before being transported to Oak Ridge. Part of the samples 

of soil were processed by ORNL personnel using Bureau of Mines f a c i l i t i e s 

in Salt Lake City, Utah and the remainder were processed by the Bendix 

Field Engineering Corporation in Grand Junction, Colorado. In both 
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cases, the samples were dried for 24 hr at 110°C, then pulverized to a 

particle size of -35 mesh (500 urn). Upon return to Oak Ridge, aliquots 

from each sample were transferred to plastic petri dishes, weighed, and 

counted using a Ge(Li) detector. The spectra obtained were analyzed by 

computer techniques (described in Appendix I I ) . Radium concentrations 

were determined for a l l the samples; in addition, *̂*U, "*^Th, and ^*Vb 

concentrations were determined for selected samples. 

ONSITE SURVEY RESULTS 

The entire site was divided into subsections by a grid with 100 x 

100 f t subsections (see Fig. 2). In addition to measurements at the 

grid points, several measurements were made in the buildings. For 

convenience of reporting, the wall surveys were divided into a lower 

portion (up to six feet) and an upper portion (above six feet). Through

out this report, a l l readings include background. Wherever appropriate, 

area background readings are given for comparison purposes. This survey 

was conducted in accordance with guidelines in use at ORNL̂ . As the 

resurvey program was expanded to include other sites, ERDA adopted a set 

of guidelines for the release of property for unrestricted use which 

was being used by the U.S. Nuclear Regulatory Commission (NRC);. 

Alpha and Beta Gamma Radiation 

In guidelines^ provided by the NRC for the release of property for 

unrestricted use, strictest limits for surfaces contaminated with alpha 

226 

emitters apply to Ra, among other nuclides. The average* and maximum* 

limits for direct readings of alpha contamination on surfaces contaminated 

* 

Measurements may not be averaged over more than one square meter. The9 

maximum contamination level applies to an area of not more than 100 cm". 
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with 2 2 6Ra are 100 dpm/100 cm and 300 dpm/100 cm respectively; transferable 
2 

alpha contamination should not exceed 20 dpm/100 cm". These limits are 

50 times more restrictive than the limits for natural uranium and are 
g 

consistent with proposed ANSI standards (see Appendix I I I ) . Since 

uranium ores were handled on the site, and since some of the environmental 

226 
samples taken on the site showed the ac t i v i t y of Ra to be as much or 

238 

more than the activity of U, i t appears that the more restrictive 

226 

limits for Ra should be applied to this site. 

The process building, administration building, thaw house, boiler 

shop, and garage each had areas in which fixed alpha contamination 
226 

exceeded NRC limits for surfaces contaminated with Ra. The process 

building showed far higher alpha contamination levels than the other on-

site buildings. Measurements on the exterior surfaces of the process 
5 2 

building revealed alpha contamination in spots up to 10 dpm/100 cm by 
direct reading, although most readings were in the range of 200 to 3000 

2 

dpm/100 cm (Table 1). In the interior of the process building (Table 

2), the window ledges of the upper level (second story) showed alpha 

contamination as high as 25 000 dpm/100 cm" by direct reading, and 

direct readings on the floor of the lower level were as high as 12 000 

2 
dpm/100 cm . The direct alpha contamination readings in the other 

2 
buildings were generally below 5000 dpm/100 cm (see Tables 3 and 4). 
Measurements of fixed alpha and beta-gamma contamination levels on the 

2 

ground surface revealed direct alpha readings to 1272 dpm/100 cm and 

beta-gamma readings at 1 cm to 418 urad/hr (see Fig, 4). 
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7 

According to NRC guidelines,' the average and maximum beta-gamma 

dose rates measured at 1 cm from a surface should not exceed 0.2 mrad/hr 

and 1.0 mrad/hr, respectively. I t can be seen in Tables 1 and 2 that 

these limits are exceeded at several places on the interior and exterior 

surfaces of the process building. 

The transferable contamination levels in the buildings were general

ly low, with only a few of the smears indicating transferable alpha con-
2 

tamination exceeding 30 dpm/100 cm . Transferable alpha contamination 
2 

levels below 30 dpm/100 cm were not recorded. Because NRC guidelines 
were applied after the survey was conducted direct alpha and beta-gamma 

2 

readings were not averaged specifically for areas of 1 m or less. The 

highest measurement for transferable alpha contamination was 375 dpm/100 

cm . The locations of transferable contamination exceeding 30 dpm/100 

cm are shown in Fig. 5, and the measurements are given in Table 5. 

None of the smears from the process building and thaw house indicated 
2 

beta-gamma contamination in excess of 200 dpm/100 cm . (The NRC li m i t 
2 

for removable beta contamination is 1000 dpm/100 cm for those beta 

emitters found on this site.) Smear samples taken in the boiler shop, 

the garage, the storage shed and the administration building showed less 
,2 2 

than 30 dpm/100 cm alpha and 200 dpm/100 cm beta contamination. 

Radon and Radon Daughter Measurements in Onsite Structures 

Radon and/or radon daughter concentrations in air were measured in 

the process building, boiler shop, garage, and administration building 

(see Figs. 5 and 6). Measurements of instantaneous radon daughter 

concentrations in air taken during the normal working day ranged from 
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0.003 WL to 0.10 WL, with the highest concentration being measured in 

the lower level of the process building (see Table 6). Continuous 

measurements taken on the lower level of the process building were as 

high as 0.15 WL (see Table 7); and these measurements were integrated 

over a six day period and hence include nighttime readings, which are 

typically higher than daytime readings. With the exception of one 

instantaneous level measured in the administration building, a l l radon 

daughter levels in onsite structures exceeded the average background 

level of 0.009 WL (see Table 8) in dwellings in the Middlesex area. 

Background radon measurements taken in various parts of the country are 

9 

listed in Table 9. 

Indoor radon measurements were in the range of 2.4 to 29 pCi/liter, 

with the highest measurements being recorded on the lower level of the 

process building. The non-occupational maximum permissible concentration 

(MPC ) for radon is 3.0 p C i / l i t e r . 1 0 

The dose to individuals delivered by radon is small compared with 

the dose delivered by i t s daughter products (about 500 times less at 

equilibrium.'''''' However, the measurement of radon concentrations in the 

buildings allows determination of the potential radon daughter levels 

assuming minimum ventilation. A concentration of 1 pCi/liter of radon 

in a room could produce a radon daughter concentration as high as 

12 

0.0085 WL. Hence, with poor ventilation, the highest radon concentra

tion found in the process building (29 pCi/liter ) could produce a radon 

daughter concentration of 0.25 WL. 



11 

The situation at this site bears some resemblance to that encountered 

in Grand Junction, Colorado, where radium-bearing uranium m i l l tailings 

were used for private purposes, including construction of residences and 

commercial structures. At the request of the State of Colorado, the 

U. S. Surgeon General has developed a set of guidelines for use in con

sidering the need for remedial action in such cases. These guidelines 

were adopted by ERDA as the basis for the Grand Junction Remedial Action 

Criteria, which has been codified as 10 CFR 712 (see ref. 13; also 

Appendix I I I ) . In considering the need for remedial action in structures 

where the radon daughter concentration exceeds background, i t is recommended 

that indoor radon daughter concentrations be determined by "(1) averaging 

the results of six air samples each of at least 100 hours duration and 

taken at a minimum of 4-week intervals throughout the year in a habitable 

area of a structure, or (2) u t i l i z i n g some other procedure approved by 

the Commission." An average indoor radon daughter concentration of 0.01 

WL above background for dwellings and schoolrooms, or of 0.03 WL or 

greater above background for other structures, w i l l be considered by 

ERDA and regulatory authorities as an indication that remedial action 

may be necessary. The limited exploratory measurements made during this 

survey indicate the need for continued sampling in the process building 

over longer periods as recommended in 10 CFR 712, since radon daughter 

concentrations exceeding 0.03 WL above background were measured in that 

building. Also, as w i l l be discussed later, measurements of external 

gamma radiation levels on the site indicate a possible need for con

tinued radon daughter measurements in the other buildings onsite. 
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Radon Emanation Measurements 

Radon emanations from soil surfaces on the site were measured at 

locations shown in Fig. 7. The results of these measurements are given 

222 
in Tables 10 and 11. The average Rn emanation rate for a l l outdoor 

locations on and immediately adjacent to the Sampling plant was 5.2 

2 
pCi/m sec. Background measurements taken at locations in the Middlesex 

vi c i n i t y , but remote to the Sampling plant, showed an average emanation 

2 
rate of 0.45 pCi/m sec. The average world-wide background emanation 

2 
rate is reported to be 0.43 pCi/m sec, with some background values 

2 
within the United States reported as high as 1.4 pCi/m sec.(ref. 14). 
Since the contaminated area around the Sampling plant is small and the 
222 

Rn emanation is less than an order of magnitude greater than background, 
222 

the incremental Rn daughter exposures attributable to contamination 
at the Marine base w i l l be negligibly small for the surrounding population. 

External Gamma Radiation 

Survey meter readings of external gamma radiation were taken at one 

meter above the surface at each of the points of the grid map, at 

several points on the periphery of the site, and at points on adjoining 

property. Measurements varied from 22 uR/hr to 147 pR/hr, with the 

maximum exposure rate being found both near the fence and toward the 

center of the site. Readings are shown in Fig. 8. Background external 

gamma readings taken at one meter above the ground at points between 0.5 

and 25 miles from the site were in the range of 5 to 10 uR/hr. 

The locations of TLD measurements are given in Fig. 9, and the 

exposure rates determined from the TLD's are given in Table 12. The 
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exposure rate at TLD location 38 (342 yR/hr) far exceeds the measurements 

at the other 28 locations. 

For locations where both TLD and survey meter measurements were 

taken, a comparison was made. The results of the comparison (see Table 

13) show satisfactory agreement between the two techniques. Apparently 

the exposure rate does not fluctuate significantly over a period of 

several weeks. 

According to the Surgeon General's guidelines any external gamma 

radiation measurement above 50 yR/hr for dwellings and schools, or 150 

yR/hr for other structures is a basis for remedial action. However, any 

external gamma value more than 1 yR/hr above background requires measurements 

to ascertain the indoor radon daughter concentrations. Since measurements 

indicated that background external gamma radiation levels in the Middlesex 

area are no higher than 10 yR/hr, the results shown in Table 14 indicate 

the need for further radon daughter measurements (as prescribed in 10 

CFR 712) in a l l buildings on the site. 

Radium Concentrations in the Soil 

Soil samples were taken at the 46 locations indicated in Fig. 2. 

In addition, background measurements were taken o f f s i t e at location 47 

on a vacant lot across Mountain Avenue from the Municipal Building and 

at location 48 at the corner of Lincoln and Mountain Avenues. Location 

48 had the same type of soil which underlies the Marine base, with shale 

at varying depths, whereas location 47 was sandy and would be expected 

to have lower radium concentrations than location 48. The results, 
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which are given in Table 15, show far higher concentrations at many 

Marine base locations than at locations 47 and 48. Radium concentrations 

range as high as 577 pCi/g (at location 43 at a depth of 0.5 to 1.0 f t ) , 

compared with measurements of approximately 1.0 pCi/g at a l l depths of 

location 47 and measurements averaging 1.7 pCi/g at location 48. 

OFFSITE RESULTS 

The property to the south and west of the main site was surveyed 

and staked to clearly establish property lines. In addition, the distance 

along the main stream and three drainage ditches was marked at intervals 

of 100 f t , as shown in Fig. 5. The nomenclature used to designate the 

major drainageways is 

MS = main stream 

RR = main drain, following the course of proposed 

Railroad Avenue 

WS = side drain roughly paralleling the proposed 

extension of Williams Street 

DD = mosquito control drainage ditch dug in February 

1976. 

In order to specify location along a drainageway, the distance downstream 

from some convenient origin is used. For example, in Fig. 3, MSI + 75 

indicates the location on the main stream 175 f t downstream from the 
0 

origin, which in this case is MSO + 00 (the intersection of the main 

stream and the Railroad Avenue drainage ditch). 

The main stream runs more than 2800 f t from the origin MSO + 00 

into Ambrose Brook, which is shown in Figs. 1 and 10. The various 

drainageways are shown in Figs. 11 through 16. 
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Several private properties were included in the survey (see Table 

16 and Fig. 17). In the Borough of Middlesex, portions of Block 318 and 

Block 319 were surveyed. Block 319 is bounded by Wood Avenue, Mountain 

Avenue, William Street and the Marine base. Block 318 is bounded by the 

Lehigh Valley Railroad on the north; Mountain Avenue, Wood Avenue and 

the Marine base on the east; the Borough line on the south and Cedar 

Avenue on the west. Also, portions of several blocks in the Township of 

Piscataway were included in the survey. These are shown in Fig. 17. 

Radiation measurements were made on a l l the adjacent properties, and 

soil samples were obtained from the properties. 

Radon and Radon Daughter Concentrations 

Measurements were made in two private dwellings (locations F14 and 

F15, Table 7) and at two locations in a commercial establishment (locations 

F16 and F17, Table 7). The radon daughter concentrations in the dwellings 

did not exceed 0.004 WL, and the radon daughter concentration in the 

commercial establishment was found to be 0.014 WL. Hence, measured 

radon daughter concentrations were below the levels at which remedial 

action may be necessary, according to the Surgeon General's guidelines.1"^ 

However, the measurements were of an exploratory nature and were not 

taken over the periods of time specified by the Surgeon General's guidelines. 

Furthermore, the radon daughter concentration measured in the commercial, 

structure is above the average background levels listed in Table 8 (even 

for background measurements taken in cellars). 
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External Gamma Radiation Levels 

External gamma radiation levels were measured on a l l private prop

erties adjacent to the Marine base. Although exposure rates were as high 

as 58 yR/hr on occupied property, most measurements were near background 

levels. Gamma exposure rates and instruments used at each dwelling or 

business location are listed in Table 17. In some cases, external gamma 

levels were considerably higher than the upper background level of 10 

yR/hr; this suggests the possible need for radon daughter measurements 

in some structures near the site, as prescribed in 10 CFR 712. 

Along streams and drainage areas o f f s i t e , gamma radiation levels 

were as high as 235 yR/hr* at three feet above the surface (see Tables 

18 through 21 and Fig. 3). Highest levels were found along the main 

drainage ditch immediately south of the base. Along the main stream, 

gamma radiation levels decreased from 48 yR/hr at the origin to less 

than 10 yR/hr at points greater than 2000 f t downstream. Low levels of 

gamma radiation along the main stream, upstream from i t s intersection 

with the main drainage ditch, indicated there was no need for extensive 

measurements in that area. 

Radium Concentrations in Soil 

Soil samples were collected from the drainage area south of the 

main site and from private property adjacent to the main site. Radium 

concentrations measured in soil samples from adjacent properties (exclud

ing the main drain) are given in Table 22 for sampling points shown in 

Figs. 3 and 18. Measurements from soil samples collected from the 

drainage area are given in Table 23. 

* This corresponds to approximately 2 rem/year continuous exposure. 
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Highest concentrations of radium were found south of the site in 

and near the drainage area, where measurements ranged up to 2401 pCi/g. 

On the adjacent property east and north of the base, highest concentrations 

were found on the Middlesex Borough Block 318 Lots 11 and 12 (up to 63.5 

pCi/g) and on the neighboring Lots 21 through 29 (up to 40.7 pCi/g). 

Property west of the base had generally lower concentrations of radium 

than properties to the east. 

Radium concentrations from soil samples taken along the main stream 

are listed in Table 24. At the intersection of the main stream and the 

main drain, the concentration was found to be 317 pCi/g at 0 to 10 in . 

Most other measurements along the stream were considerably lower; however, 

at one point 1650 f t downstream, the radium concentration was 208 pCi/g 

at 0 to 10 in . 

Samples were also collected along the banks of the main stream in 

an effort to determine the extent of contamination reaching out from the 

stream bed. The radium concentrations, which varied from less than 1.0 

pCi/g up to 14.4 pCi/g, are listed in Table 25. The sample designation 

indicates the direction and the distance of the sampling point from the 

stream bed. For example, MS7R20 indicates a sample taken along the main 

stream (MS), 700 f t (7) downstream from the arbitrary origin (MSO+00 in 

Fig. 3), on the right bank (R), and 20 f t from the center of the stream 

bed (20). Only one sample was taken upstream from the "origin"; this 

sample was designated MS075L20 where the "075" was used to indicate 75 

f t upstream. 
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Surface soil samples were also taken at the confluence of the main 

stream and Ambrose Brook (MM15), downstream along Ambrose Brook (MM16), 

and upstream along Ambrose Brook (MM17). [These locations are west of 

the area pictured in Figs. 3 and 18.) Radium concentrations at these 

locations were 3.0, 2.1, and 0.9 pCi/g, respectively. 

Some of f s i t e samples were analyzed for uranium (Table 26), and 

some were analyzed for 2 3 0Th and 2 1 0Pb (Table 27). The distribution of 

226 
these radionuclides roughly parallels the distribution of Ra. 

226 
The extent of offsite Ra is shown in Fig. 19. Human exposure 

may be attributable to this contamination via habitation of structures 

222 

bu i l t on the contaminated material (due to build-up of Rn daughters 

within the structure) or by consumption of foodstuffs grown on the 

contaminated area. 

The radon concentration C in the f i r s t story of a building which is 

buil t on contaminated soil can be estimated from the equation 

C = 
(AR + V h 

where 
2 

J is the emanation rate (pCi/m -sec), 
222 -1 

X is the radioactive decay constant for Rn (sec ), 
K 

Xy is the air exchange rate (sec 1 ) , and 

h is the height of the ceiling (m). 

I t is assumed in the equation that the floor is not a barrier to radon. 

Hence, this is a "worst case" assumption, but is not unrealistic for 
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some floors. For floors which act as barriers-, such as concrete floors, 

the value of J should be adjusted accordingly. For example, a 2-in. 

thick concrete slab would reduce the value of J by approximately a 

15 2 factor of ten . I f we assume that the emanation rate J is 3.2 pCi/m sec 

(the average for a l l outdoor areas on and immediately adjacent to the 

base), that h = 3m, XR = 2.1 x IO - 6 sec"1 and that there is one air exchange 

per hour in the building, then 

c _ 3.2 pCi/m sec 

(2.1 x 10" 6sec _ 1 + 2.8 x IO - 4 sec"1) 3 m 

= 3.8 x 103 pCi/m3 = 4 pCi/liter. 

At the rate of one air exchange per hour, 1.0 pCi/liter of radon would 

produce a radon daughter concentration of approximately 0.005 WL at 

steady-state conditions. The maximum emanation rates measured were 

2 

approximately an order of magnitude higher ( ̂  30 pCi/m sec) and would 

produce proportionately higher radon daughter concentrations in structures 

erected on these locations. I f dwellings were to be constructed in the 

areas of highest radon emanation, radon daughter concentrations of 0.2 

WL or greater could occur in these structures. 

Tomatoes are grown in gardens on adjacent property. Since these 

are personal gardens, only a limited number of people would be exposed 

by consuming contaminated foodstuffs. Based upon the measured concen-
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tration of radium in the s o i l , i t is possible to estimate the uptake of 

radium and the resulting radiation dose in individuals consuming these 

tomatoes. The 50 year dose commitment (DC) from ingesting the tomatoes 

can be calculated using the equation 

i 

DC = A. x B. x C x D . . 1 I V aipj 

where A is the soil concentration of radionuclide i , in pCi/g; ' is 

the concentration factor in the edible part of the crop, v; C is the 

weight of food consumed and D . . is the dose factor specific for age & aipj r a 

(a), radionuclide ( i ) , pathway (p), and organ ( j ) . 

Appropriate factors for radium in tomatoes consumed by adults are 

-4 1 6 

B. = 3.1 x 10 

i v 

^aipj = 0.302 for bone dose (mrem/pCi)1^ 

= 0.031 for total body dose (mrem/pCi)17 

Assuming that the average tomato weighs 150 g, the 50 year dose commitment 

per tomato is 

D Cbone = A P C i / g x 3 , 1 x 1 0" 4 x 1 5 0 g x 0 , 3 m r e r a /P c i 

_2 
=1.4x10 A mrem 

DC . . = A pCi/g x 3.1 x 10"4 x 150 g x 0.03 mrera/pCi 
whole body r & " 

_3 
=1.4x10 A mrem. 

The highest radium concentration found on property used for garden

ing was 63.5 pCi/g. 
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SUMMARY 

A comprehensive radiological survey of the former Middlesex Ore 

Sampling Plant and surrounding area has been completed. Radiation 

levels in excess of measured background levels were observed in numerous 

areas inside and outside of buildings on site and in some areas outside 

property boundaries. This f a c i l i t y was used to assay various uranium-

bearing ores. I t is known that large quantities of pitchblend were 

stored and sampled during the period this f a c i l i t y was in operation. I t 

must be assumed that radioactive contamination on this property resulted 

from the ore handling activities. 

The observed radionuclides in environmental samples were identified 

as uranium and i t s daughters, including radium. I t was also observed 

that the degree of secular equilibrium in these samples ranged from 

about 25% to more than 100%. Ra can occur i n amounts greater than 

238 238 the parent U due to selective leaching of the U when subject to 

weathering. I t is known that this f a c i l i t y was cleaned with water in 

1967 prior to use by the present occupants. Because uranium is more 

soluble than radium and thorium, the residual radioactivity must be 

226 226 
assumed to include Ra as a significant fraction of the t o t a l . Because F 

is considered to present a greater potential hazard than natural uranium, 

the standard for acceptable levels of residual radioactivity must be 

226 

applied under the assumption that the controlling radionuclide is Ra. 

The process building, administration building, thaw house, boiler 

shop, and garage each had areas in which fixed alpha contamination 
2 

levels exceeded the average and maximum NRC limits of 100 dpm/100 cm 
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and 300 dpm/100 cm2, respectively. The- process building showed fixed 

5 2 

alpha contamination levels as high as 10 dpm/100 cm . Furthermore, 

some areas of the process building showed beta-gamma dose rates in 

excess of the average and maximum NRC limits of 0.2 mrad/hr and 1.0 

mrad/hr, respectively. Transferable beta contamination levels were 

generally low in the buildings; however, transferable alpha contamination 
2 

levels exceeded the NRC li m i t of 20 dpm/100 cm at some points in the 
process building. I t is possible that a few locations may have exceeded 

2 

this l i m i t but were overlooked due to the cutoff of 30 dpm/100 cm 

which was used for the survey. 

Radon levels in the process building exceeded the non-occupational 

MPC of 3 pCi/liter. Exploratory radon daughter measurements made in 

the process building indicated the need for continued sampling over 

longer periods as recommended in 10 CFR 712, since radon daughter con

centrations exceeded 0.03 WL above background in that structure. 

Furthermore, the possible need for similar radon daughter measurements 

in the other onsite buildings is indicated by the fact that external 

gamma levels in those buildings exceeded background by at least 6 yR/hr. 

222 

The average Rn emanation rate from the outdoor surfaces on and in the 

immediate v i c i n i t y of the site was approximately 7 to 8 times higher 

than background i n that area. The soil onsite showed radium concen

trations as high as 577 pCi/g. 

Some radiation from the Sampling plant has been reaching adjacent 

property. External gamma radiation levels near o f f s i t e dwellings were 

as high as 58 yR/hr. The highest gamma radiation' levels o f f s i t e (up to 
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.235 pR/hr) were measured along the drainage ditches near the Marine 

base. Exploratory radon daughter measurements were above the background 

level in a commercial structure near the site. Furthermore, elevated 

gamma levels in some offsite structures indicate the possible need for 

extensive radon daughter measurements over periods as suggested by the 

Surgeon General (10 CFR 712). The soil in the v i c i n i t y of the Sampling 

plant showed elevated concentrations of radium, particularly in the 

drainage area to the south of the site; samples taken from that area 

showed concentrations as high as 2400 pCi/g. 



I 

24 

REFERENCES 

1. G. D. Kerr, Measurement of Radon Progeny Concentrations in Air by 

Alpha-Particle Spectroscopy, ORNL-TM-4924, (1975). 

2. Andrew C. George, "Scintillation Flasks for the Determination of Low 

Level Concentrations of Radon," pp. 112-115 in Operational Health Physics, 

Proceedings of the Ninth Midyear Topical Symposium of the Health 

Physics Society, Denver, Colorado, February 9-12, 1976. 

3. A. C. George, A. J. Breslin, and S. F. Guggenheim, "Accumulative 

Environmental Radon Monitor," pp. 116-119 in Operational Health Physics, 

Proceedings of the Ninth Midyear Topical Symposium of the Health 

Physics Society, Denver, Colorado, February 9-12, 1976. 

4. Developed by the ERDA Health and Safety Laboratory for measuring 

environmental levels of radon daughters, etc. No published reference. 

5. Richard J. Countiss, Health Phys. 31_, 455 0.976). 

6. ORNL Health Physics Manual-Procedures and Practices for Radiation 

Protection, Procedure number 25, p. 7 (1970). 

7. Guidelines for Decontamination of Facilities and Equipment Prior 

to Release for Unrestricted Use or Termination of Licenses for 

By-product Source, or Special Nuclear Material, U. S. Nuclear 

Regulatory Commission, (November 1976). 

8. "Control of Radioactive Surface Contamination on Materials, Equipment, 

and Facilities to be Released for Uncontrolled Use," Proposed American 

National Standard, ANSI N328-197, (1976). 



25 

REFERENCES (CONT'D.) 

9. Ionizing Radiation: Levels and Effects, Vol. 1: Levels, p. SO. 

United Nations Publication, New York, 1972. 

10. "Standards for Protection Against Radiation," Code of Federal 

Regulations, Title 10, Part 20, Appendix B (April 30, 1975). 

11. M. Eisenbud, Environmental Radioactivity, pp. 158-159 McGraw-Hill, 1963. 

12. A. Toth, Health Phys. 23, 281 (1972). 

13. Grand Junction Remedial Action Criteria, 10 CFR Part 712, Fed. 

Regist., 41 (252): p. 56777 (December 30, 1976). 

14. M. H. Wilkening, W. E. Clements, and D. Stanley, "Radon 222 Flux 

Measurements in Widely Separated Regions," pp. 717-730 of The 

Natural Radiation Environment I I , CONF-720805-P2 (1972). 

15. K. J. Schiager, Radiat. Data Rep. L5, 411 (1974). 

16. Y. C. NG, et a l , Predication of the Maximum Dosage to Man from the 

Fallout of Nuclear Devices, UCRL-50163, IV, 1968. 

17. G. G. Killough and Larry R. McKay, A Methodology for Calculating 

Radiation Doses from Radioactivity Released to the Environment, ORNL-

4992, pp. 4-94, March 1976. 



26 

Table 1. Contamination survey of process building exterior 

Location 
Alpha -

(dpm/100 cm ) 
Beta-gamma 
(mrad/hr) 

North wall 

East wall 
(front) 

South wall 

West wall 

Roof 

Lower i 500-1000 (gen'l) 

(1500-2000 (highest) 

Upper0 1000-2500 (range) 

Steps 
Lower ( 300-600 (gen'l) 

13000 (highest) 

Upper / 200-500 (gen'l) 
12500 (highest) 

Lower i 500-1000 (gen'l) 
(100,000 (highest) 

Upper ( 500-1000 (gen'l to West) 
| 100-300 (gen'l to East) 
3000 (highest) 

Lower \ 300-1000 (gen'l) 
J2000 (highest) 

Upper j 500-1000 (gen'l) 
|3000 (highest) 

< 100 (gen'l) 
4000 (highest) 

0.05-0.2 (gen'l) 

0.25-0.50 (gen'l) 

0.1 (gen'l) 
0.7 (highest) 

0.05-0.2 (gen'l) 
0.4 (highest) 

0.05-0.2 (gen'l) 

0.05-0.2 (gen'l) 

0.1-0.15 (gen'l) 
1.25 (highest) 

0.05-0.2 (gen'l) 
2.9 (highest) 

0.05-0.2 (gen'l) 
0.25 (highest) 

The beta-gamma contamination is expressed in terms of dose rate at one 
cm above the surface. The G-M survey meter used for these measurements 
produced 1750 cpm per mrad/hr for surfaces contaminated with uranium at 
the site. 

^Lower portion is up to 6 f t . 

Upper portion is above 6 f t . 
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Table 2. Contamination survey of process building interior 

Alpha 9 Beta-gamma 
Location (dpm/100 cm") (mrad/hr) 

Upper level 

Floor 

Walls 

Window ledges 

<100 (gen'l) 
5000 (highest) 

<100 (gen'l) 
300 (highest) 

1000 (gen'l) 
25000 (highest) 

< 0.05 (gen'l) 
0.9 (highest) 

< 0.05 (gen'l) -
0.9 (highest) 

0.3-0.6 (gen'l) 
4.3 (highest) 

Lower level 

Floor 100-1000 (gen'l) 0.05-0.2 (gen'l) 
12000 (highest) 0.75 (highest) 

Walls 100-1000 (gen'l) 0.05-0.2 (gen'l) 
2000 (highest) 0.3 (highest 

Window ledges 
(opened) 

200-1000 (gen'l) 
4000 (highest) 

0.05-0.2 (gen'l) 
0.3 (highest) 
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Table 3. Contamination survey of administration building 

Location 

Interior walls 

Interior floors 

Exterior walls 

Roof ' 

Alpha 9 

(dpm/100 cm") 

<100 (gen'l) 
1000 (highest) 

<100 (gen'l) 
1000 (highest) 

<100 (gen'l) 

400-600 (gen'l) 

Beta-gamma 
(mrad/hr) 

< 0.5 (gen'l) 
0.2 (highest) 

< 0.05 (gen'l) 
0.2.(highest) 

< 0.05 (gen'l) 

0.1 (gen'l) 
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Table 4. Contamination survey of thaw house, boiler shop, and garage 

Location 
Alpha 

(dpm/100 ciO 
Beta-gamma 
(mrad/hr) 

Thaw house 

Interior walls 

Floor 

300-600 (gen'l) 
2000 (highest) 

0-200 (gen'l) 
1200 (highest) 

0.1-0.15 (gen'l) 

0.1-0.2 (gen'l) 
0.9 (highest) 

Boiler shop 

Interior walls 

Floor 

Exterior walls 

Roof 

100-200 (gen'l) 
1000 (highest) 

100-300 (gen'l) 

1500 (gen'l) 
5000 (highest) 

100 (gen1!) 

0.2 (gen'l) 

0.05 (gen'l) 

Garage 

Interior walls 

Floor 

Exterior walls 

Interior beams 

100-200 (gen'l) 

100-200 (gen'l) 

100-200 (gen'l) 

2000 (gen'l) 

< 0.05 (gen'l) 

< 0.05 (gen'l) 

< 0.05 (gen'l) 

< 0.05 (gen'l) 
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Table 5. Smear sample data 

Smear No.a Alpha ? Smear No.a Alpha 2 

(dpm/100 cm") (dpm/100 cm ) 

18 39 IB 120 

21 39 6B 258 

29 36 11B 54 

30 258 12B 33 

32 33 16B 81 

48 30 17B 90 

61 30 18B 75 

68 57 19B 33 

73 41 21B 96 

81 96 22B 375 

2A 45 23B 207 

4A 45 25B 45 

60AC 372 29B 81 
c 

65A 225 3 OB 90 

83A 84 33B 33 

96A 86 

aSee Fig. 5. 

^Sample data reported only for points >30 dpm/100 cm2 alpha. No smear 
was found to give >200 dpm/100 cm2 of transferable beta contamination. 

Smear samples taken in the thaw house. 
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Table 6. Radon daughter concentrations using spot 
sample spectroscopy technique 

Sample 
location Concentration 
numbera Description Radionuclide pCi/liter Working levels 

1 Lower level process 
bldg. Shop 

Ra-A 
Ra-B 
Ra-C 

20.3 
9.1 
7.5 

Total 57.0 0.10 

2 Lower level process 
bldg. South end 

Ra-A 
Ra-B 
Ra-C 

17.9 
10.1 
10.5 

Total 58.3 0.10 

4 Upper level main bldg. 
North end h a l l 

Ra-A 
Ra-B 
Ra-C 

7.4 
2.2 
3.9 

Total 13.5 0.03 

6 Upper level process 
bldg. 

Ra-A 
Ra-B 
Ra-C 

8.4 
4.1 
3.7 

Total 16.2 0.04 

7 Upper level process 
bldg. Gymnasium 

Ra-A 
Ra-B 
Ra-C 

5.6 
• 4.3 
3.3 

Total 13.2 0.04 

8 Administration bldg. Ra-A 
Ra-B 
Ra-C 

1.8 
0.1 
0.1 

Total 2.0 0.003 

aSee Fig. 6. 
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Table 7. Radon and radon daughter measurements 

Radon daughter 
Radon measurements (pCi/liter) measurements 

Location 3 Flask CHRIS MOD (WL) 

Fl 23 
18 
8.5 

29 b 

18.9° 

0.15b 

0.14c 

F2 31 
4.4 

F3 7.0 

F4 12 

F5 16 

F6 4.4 

F7 13 12 b 0-. 090 b 

F8 3.1 

F9 19 

F10 0.28 

F l l 0.60 

F12 0.26 2.4b 0.016b 

F13 0.02 
0.25 

F14 0.4 0.5C 0.0040° 

F15 0.2 0.5C 0.0032C 

F16 0.5 0.014° 

F17 0.6 

aSee Figs. 5 and 6. 

Measurement integrated over the period 4/9-4/15. 

°Measurement integrated over the period 5/12-5/18. 
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Table 8. Background levels of L "Rn and daughters in and 
around dwellings in Middlesex area 

Measurement 

Concentrations Number of 
Minimum Maximum Average measurements 

222n 

Rn concen
trations in . 
cellars 0.72 pCi/liter 6.0 pCi/liter 2.65 pCi/liter J 1 
222 

Rn daughter 
concentrations 
in cellars of 

dwellings 0.002 WL 0.040 WL 0.013 WL 56 

222 
Rn daughter 

concentrations 
in f i r s t floor 

of dwelling 0.002 WL 0.026 WL . 0.006 WL 56 

222 
Rn daughter 

concentrations 
in dwellings 
(includes cel
lars, f i r s t 
floor, second 
floor, ,,_ 
garage) 0.002 WL 0.040 WL 0.009 WL 112 

22~> 
"Rn daughter 

concentrations 
outdoors 0.0015 WL 0.0026 WL 0.002 WL 5 

aMost measurements were taken within 15 miles, and a l l were taken within 5C 
miles of Middlesex, New Jersey. Individual measurements represent weekly 
average concentrations. The information was taken from a study by HASL 
(to be published). 



Table 9. Background levels of Rn concentration in dwellings 

Location 

222 

Number of 
buildings 

investigated 
Type of building and 
building material 

Rn concentration outdoors 
(pCi/liter) 

222 

Range Mean 

Rn concentration indoors 
(pCi/liter) 

Range 

1 :0.9:0/6:0.4, 

Mean 

Boston 
area 

7 One family houses: 
f i r s t f l o o r (wood frame) 
Basement (concrete) 

0.01-0.15 0.05 
0.005-0.23 
0.1-0.94 

0. 
0, 
,07 
,40 

3 Apartments - brick 0.01-0.19 0. , OS) 

4 Offices and laboratories 0.02-0.10 0. ,05 

Tennessee 15 Houses-most of them of 
concrete construction 

0.13-4.8b 1 .40 

Florida 16 
0.03-3.6b 1 .26 

aRef. 9. 

^Converted from working level u n i t s by assuming that 
222 

Rn and i t s daughters 
are i n the equilibrium r a t i o 

Ol 
4^ 
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Table 10. Measurement of radon emanation rate from surfaces 
onsite using charcoal canister technique 

Radon emanation rate Radon emanation rate 
Location (aCi cm" 2s _ 1) Surface Location (aCi cm" 2s _ 1) Surface 

1 160 Soil 22 110 Paved 

2 580 Paved 23 52 Hard s o i l 

3 33 Paved 24 1000 Hard so i l 

4 11 Paved 25 5.3 Paved 

5 59 Paved 26 24 Paved 

6 270 Paved 27 3100 Hard so i l 

7 63 Paved 29 18 Paved 

8 190 Paved 30 47 Paved 

9 96 Paved 31 890 Gravel 

10 620 Paved 32 63 Paved 

11 160 Paved 33 11 Paved 

12 160 Paved 34 25 Gravel 

15 120 Paved 35 190 Hard so i l 

14 21 Paved 36 13 Paved 

15 36 Paved 37 310 Grass 

16 420 Paved 38 620 Grass 

17 350 Paved 38 1200 Grass 

18 170 Paved 38 450 Paved 

19 81 Paved 39 770 Grass 

20 13 Paved 39 1000 Grass 

21 76 Paved 40 130 Paved 
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Table 10. (cont'd.) Measurement of radon emanation rate from 
surfaces onsite using charcoal canister technique 

a 
Location 

Radon 
(aCi 

emanation rate 
cm^s-1) Surface Location 

Radon emanation 
(aCi cm-2s'1) 

rate 
Surface 

41 72 Paved 45 19 Concrete floor 

42 110 Gravel 46 27 Concrete floor 

43 690 Gravel 47 37 Concrete floor 

44 63 Paved 48 1.2 Tile floor 

aSee Fig. 6; no data collected at location 28. 
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Table 11. Measurement of radon emanation rate o f f s i t e 
using charcoal canisters 

Radon emanation rate 
Location 2 (aCi cm"2sec":) . Surface 

77 240 Grass 

78 540 Grass 

78 650 Grass 

79 700 Loose so i l 

80 55 Packed so i l 

81 98 Soil 

82 36 Grass 

83 190 Swampy 

84 210 Loose soil 

85 b 55 Soil 

86 b 16 Gravel 

87 b 45 Sandy soil 

88 b 28 Soil 

89 b 81 Grass 

90 b 10 Soil 

91 b 54 Grass 

92 b 95 Soil 

aSee Fig. 7. 
bLocations remote to Middlesex Sampling Plant. Flux measurements may 
be interpreted as background for the Middlesex area. 
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Table 12. Onsite external gamma radiation measurements 
using thermoluminescent dosimeters 

TLD Exposure Rate TLD a Exposure Rate 
location 1 (yR/hr) location (yR/hr) 

1 28 26 24 

2 21. 27 . 49 

3 20 28 34 

4 23 29 22 

6 97 30 29 

7 144 31 20 

13 22 32 19 

19 80 33 15 

20 33 34 14 

21 44 35 17 

22 34 36 27 

23 28 37 60 

24 63 38 342 

25 142 39 49 

40 27 



Table 13. Comparison of TLD and s c i n t i l l a t i o n counter 

TLD , Reading (yR/hr) 
Location 1* TLD S c i n t i l l a t i o n counter 

1 ' 28 33 

3 20 22 

4 
• 

23 24 

13 22 47 

19 80 74 

22 34 31 

25 142 147 

27 49 46 

aThese are the only locations where both TLD and 
s c i n t i l l a t i o n counter measurements were made. 

bSee Fig. 8. 
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Table 14. Gamma radiation levels in 
buildings onsite 

Average exposure rate 
Building (uR/hr) 

Process ,26 

Thaw house 49 

Boiler shop 24 

Vehicle storage 27 

Garage 17 

Administration 16 
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Table 15. Radium concentrations in soil samples taken 
on the Marine base . 

Grid Depth Ra cone 
location Sample ( f t ) (pCi/g) 

M 1.1 0-0.5 2 .1 
M 1.2 0 .5-1 135 
M .1.3 1.0-2.0 7.6 
M 1.4 2 .0 -3 .0 2.0 

M 2.2 0 .5 -1 .0 2.6 
M 2.3 1.0-2.0 1.7 
M 2.4 2 .0 -2 .6 2.0 

M 5.3 17 

M 6.2 1.3-1.8 33 
M 6.5 1.8-2.6 1.7 

M 8.3 1.5-2.5 3.8 

M 9.3 1.0-2.0 106 
M 9.4 2 .0 -3 .0 2.9 

M 14.3 0 .5 -1 < 1 
M 14.4 1.0-2.0 < 1 
M 14.5 2 .0 -3 .0 < 1 
M 14.6 3 .0 -3 .5 2.4 

M 15.5 1.0-1.5 0.9 
M 15.4 1.5-2.5 1.2 
M 15.5 2 .5-3 .5 1.1 

M 16.2 0 .5 -1 .0 2.3 
M 16.3 1.0-2.0 1.1 
M 16.4 2 .0-2 .5 1.3 

M 17.3 0 .5 -1 .0 20 
M 17.4 1.0-1.5 6.1 
M 17.5 1.5-2.5 0.87 

M 23.1 0-0.5 9.2 
M 23.2 0 .5 -1 .0 23 
M 23.3 1.0-2.0 28 
M 23.4 2 .0 -3 .0 1.4 
M 23.5 3 .0 -4 .0 1.4 
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Table 15. (cont'd.) Radium concentrations in soil samples 
taken on the Marine base 

Grid Depth Ra cone 
location Sample ( f t ) (pCi/g) 

24 M 24.1 0-0.5 1.0 
M 24.2 0.5-1.0 360 
M 24.3 1.0-2.0 69 
M 24.4 2.0-3.0 8.8 

25 M 25.5 0.5-1.0 2.0 
M 25.4 1,0-1.5 1.1 
M 25.5 1.5-2.0 1.6 

26 M 26.3 0.5-1.0 5.3 
M 26.4 1.0-1.5 1.7 
M 26.5 1.5-2.5 1.4 

27 M 27.2 0.5-1.0 33 
M 27.3 1.0-2.0 105 
M 27.4 2.0-3.0 3.2 
M 27.5. 3.0-4.0 1.5 

28 M 28.1 0-0.5 0.4 
M 28.2 0.5-1.0 126 
M 28.5 1.0-2.0 1.9 
M 28.5 5.0-5.8 1.4 

31 M 31.1 0-0.5 68 
M 31.2 0.5-1.0 29 
M 31.3 1.0-2.0 1.2 
M 31.4 2.0-3.0 1.7 
M 31.5 3.0-3.5 1.0 

32 M 32.2 1.0-1.5 1.2 
M 32.3 1.0-2.0 1.2 
M 32.4 2.0-2.5 1.2 

33 M 33.2 1.0-2.0 1.8 
M 33.3 2.0-3.0 1.3 

34 M 34.1 0-0.5 3.4 
M 34.2 0.5-1.0 58 
M 34.3 1.0-2.0 6.3 
M 34.4 2.0-3.0 1.5 
M 34.5 3.0-3.5 1.3 
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Table 15. (cont'd.) Radium concentrations i n s o i l samples 
taken on the Marine base 

Grid a Depth 2 2 6Ra cone 
location Sample ( f t ) (pCi/g) 

36 M 36.2 0.5-1.5 4.2 
M 36.3 1.5-2.5 1.1 

38 M 38.1 0.0-0.5 106 
M 38.2 0.5-1.0 111 
M 38.5 1.0-2.0 1.4 
M 38.4 2.0-3.0 2.4 
M 38.5. 3.0-4.0 1.1 

39 M 39.1 0.0-0.5 12 
M 39.2 0.5-1.0 5.0 
M 39.3 1.0-2.0 145 
M 39.4 2.0-3.0 2.5 
M 39.5 3.0-4.0 3.4 

40 M 40.1 0.0-0.5 3.1 
M 40.2 0.5-1.0 2.1 
M 40.3 1.0-2.0 56 
M 40.4 2.0-3.0 1.5 
M 40.5 3.0-3.5 1.5 

41 M 41.1 0.0-0.5 2.4 
M 41.2 0.5-1.0 1.6 
M 41.5 1.0-2.0 x4.6 
M 41.4 2.0-3.0 2.2 
M 41.5 3.0-3.5 2.3 

42 M 42.1 0.0-0.5 11.2 
M 42.2 0.5-1.0 1.2 
M 42.3 1.0-2.0 1.2 
M 42.4 2.0-3.0 1.1 
M 42.5 3.0-4.0 1.1 

43 M 43.2 0-5.1.0 577 
M 43.4 1.5-2.5 0.8 

44 M 44.2 0.5-1.0 144 
M 44.3 1.0-2.0 2.2 
M 44.4 2.0-3.0 22 
M 44.5 3.0-4.0 15 
M 44.6 4.0-4.8 57 
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Table 15. (cont'd.) Radium concentrations in soil samples 
taken on the Marine base 

Grid Depth " Ra cone 
location Sample ( f t ) (pCi/g) 

45 M 45.2 1.0-1.5 4.7 
M 45.3 1.5-2.0 1.6 
M 45.4 2 .0-2 .5 8.7 

46 M 46.2 0 .5 -1 .0 20 
M 46.3 1.0-2.0 1.0 
M 46.4 2 .0 -3 .0 16 
M 46.5 3 .0 -4 .0 1.3 
M 46 .6 . 4 .0 -4 .5 2.0 

47 M 47 .1 0 .0-0 .5 1.0 
M 47.2 0 .5 -1 .0 1.1 
M 47.3 1.0-2.0 < 1.0 
M 47.4 2 .0 -3 .0 < 1.0 
M 47.5 3 .0 -4 .0 < 1.0 

48 M 48.2 0 .5 -1 .0 ' 2.3 
M 48.3 1.0-2.0 1.4 
M 48.5 3 .0 -3 .5 1.4 

aSee Fig. 2. 



45 

Table 16. Nearby property surveyed 

Block Lot Ownership 

Piscataway Township 

395 1-24 private 
396 1-16 private 
397 1-34 . private 
412 1-14 private 
413 1 private 
389 44-50 private 

Middlesex Borough 

318 1-6 private 
318 7-9 private 
318 10 private 
318 11-12 private 
318 21-29 private 
318 38A-41A, 48 private 
318 44, 45A Borough of Middlesex 
318 43 private 
318 50 private 
319 24, 25 private 
319 26-39, 39-44 Borough of Middlesex 
319 47 Borough of Middlesex 
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Table 17. External gamma radiation levels on nearby 
•occupied properties 

Property 
identification a 

Gamma exposure rate 
(yR/hr) 

Residence (inside l o t s b l - 6 12C ' 

Rear lawn 
Front lawn 

25d 

27C 

Residence (inside) l o t s b 7-9 11 C 

Rear lawn 
Front lawn 

-,d 

25C 

Lot b 10 rear lawn 45 C 

Lots b 11-12 rear lawn 58C 

Lots b 21-29 43 C 

Residence (inside) l o t s 6 44-50 9 C 

Building (inside) l o t s b 38A-41A 33 C, 37 f 

Rear of Lot b 48 near bldg. 7-9 l l d 

Lot b 48 outside bldg. 7-9 14d 

Lot 2 24-25 16d 

Lot b 43 67C 

Lot b 50 20c 

Lot numbers refer to lots listed in Tables 16 and 22 and shown 
in Fig. 17. 

'Middlesex Borough Block 318. 

'Measured with s c i n t i l l a t i o n survey meter. 

M̂easured with TLD's. 
i 

'Piscataway Township Block 389. 

Measured with "Phil" G-M Counter. 

Middlesex Borough Block 319. 
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Table 18 . Gamma radiation level at 3 f t above the surface 
of the drainage area south of main s i t e 

Survey a Radiation level Survey^ Radiation level 
location (yR/hr) l o c a t i o n 3 (yR/hr) 

A6 
A7 
A8 
A9 
A9.5 
A10 

B6 
B7 
B8 
B8.5 
B9 
B9.5 
BIO 

C6 
C7 
C8 
C8.5 
C9 
C9.5 
CIO 

30 
28 
25 
19 
10 
26 

49 
52 
57 
26 
12 
10 
14 

88 
150 
148 
99 
96 
62 
19 

•D6 
D7 
D8 
D9 
D9.5 
D10 

DF6 
DF7 
DF8 
DF8.5 
DF9 

DF10 

F6 
F7 
F8 
F8.5 
F9 

F10 

48 
76 
39 
25 
17 
15 

51 
26 
16 
13 
10 

10 

26 
14 
12 
11 
10 

9.5 

See Fig. 3. 



48 

Table 19. Gamma radiation level at the surface in the drainage 
area south of main site 

Survey Radiation level Survey Radiation level 
location (yR/hr) location 3 (yR/hr) 

A6 27 D6 96 
A7 25 D7 106 
A8 29 D8 38 
A8.5 58 D8.5 42 
A9 19 * D9 19 
A9.S 10 D9.5 15 
A10 27 D10 23 

B6 48 DF6 42 
B7 35 DF7 17 
B8 67 DF8 16 
B8.5 29 DF8.5 12 
B9 11 DF9 10 
B9.5 . 11 
BIO 19 DF10 10 

C6 112 F6 29 
C7-. 336 . F7- 13 
C8 385 F8 12 
C8.5 38 F8.5 12 
C9 173 F9 11 
C9.S 38 
CIO 13 F10 10 

See Fig. 5. 
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Table 20. Gamma radiation level at 3 f t above the surface 
along the main site 

Survey Radiation level Survey Radiation level 
location (yR/hr) location 3 (yR/hr) 

MS+00 48 MS15+00 25 
MS1+00 32 MS16+00 19 
MS2+00 29 MS17+00 10 
MS4+00 15 MS18+00 23 
MS5+00 22 MS19+00 12 
MS6+00 13 MS20+00 10 
MS7+00 31 MS21+00 10 
MS8+00 30 MS22+00 10 
MS9+00 19 MS23+00 8 
MS 10+00 14 • MS24+00 8 
MS11+00 23 MS25+00 10 
MS12+00 23 MS26+00 9 
MS13+00 14 MS27+00 10 
MS14+00 36 MS28+00 8 

3See Fig. 5. 
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Table 21. Gamma radiation level at 3 f t above the 
surface along drainage ditches 

Radiation level 
(uR/hr) 

DD0+00 75 
DD1+00 34 
DD2+00 37 
DD3+00 24 
DD4+00 17 
DD5+00 9 
DD5+50 9 

RRO+00 172 
RR1+00 235 
RR2+00 68 
RR3+00 62 
RR4+00 76 
RR5+00 45 
RR5+90 48 
WSO+00 25 
WS1+00 39 
WS1+60 59 

Survey 
location' 

aSee Fig. 3. 
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Table 22. Radium levels i n soils on properties adjacent 
to Marine base 

Property Location^ Sample No. 
Depth 
( f t ) 

226 
Ra cone 

(PCi/g) 

Lots 1-6 

Lots 7-9 

Lot•10 

Lots 11-12 

Lots 21-29 

Lots 39-44 

Lots 24-25C 

Lots 26-29C 

Lot 47 C 

0SS1 
0SS2 

OSS107 

MM25 

0SS3 -
0SS4 
OSS105 

MM26 

0SS5 
OSS 6 

OSS106 

MM22 

0SS7 
0SS8 
OSS 9 
OSS 10 
OSS104 

MM23 
MM24 

0SS11 

MM27 

MM14 

0SS1 
OSS 2 

OSS107.1 
0SS107.2 

MM25 

0SS3 
OSS4 
OSS105.1 
OSS105.2 

MM26 

0SS5 
0SS6 

0SS106.1 
0SS106.2 

MM22 

0SS7 
0SS8 
OSS 9 
OSS 10 
OSS104.1 
0SS104.2 

MM23 
MM24 

0SS11 

MM27 

MM14 

0-1.6 
0-0.5 

0-1.2 
1.2- 2.3 

0-1.5 

0-1.5 
0-0.5 
0-1.3 

1.3- 2.5 

0-0.5 

0-1.5 
0-0.5 

0-0.8 
0.8-2.0 

0-0.5 

0-1.3 
0.0.5 
0-1.5 
0-1.3 
0-0.5 

0.5-1.8 

0-1.2 
0-1.2 

0-1.0 

0-1.2 

0-1.5 

3.8 
13.8 

9.1 
4.4 

11.6 

9.8 
12.7 
8.0 
2.1 

12.6 

10.3 
16.5 

63.5 
9.9 

35.2 

40.7 
16.9 
4.6 
3.5 
4.1 
0.9 

12.2 
6.7 

1.5 

1.9 

7.9 
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Table 22. (cont'd.) Radium levels in soils on properties 
adjacent to Marine base 

Property 
226D 

Ra cone Location Sample No • ( f t ) (PCi/g) 

D6 MM14 0-1.3 7.9 
D6.1 0-1.3 18 
D6.2 1.3-1.4 4 

D7 D7.1 0-1.0 34 
D7.3 2.0-2.7 8.4 

DF6 DF6.1 0-0.5 8.5 
DF6.2 0.5-1.0 1.5 
DF6.3 1.0-2.0 0.7 

DF7 DF7 0-1.3 2.4 

F6 F6.1 .0-0.5 19 
F6.2 0.5-1.5 3.1 
F6.3 1.5-3.3 1.6 

MM3 MM3 0-1.0 30.9 
MM6' MM6 0-1.0 408 
MM8 MM8 0-1.0 78.1 

A7d 

A7.1 0-1.0 27 
A7.2 1.0-2.1 2.4 

A8d 

A8.1 0-1.0 14 
A8.2 1.0-2.2 2.4 

B6 B6.1 0-1.0 11 
B6.2 1.0-2.0 16 

B7 B7.2 1.0-2.0 < 2 

B8 B8.1 0-1.0 98 
B8.2 1.0-2.2 4 

C6. C6.1 0-1.0 13' 
C6.2 1.0-1.7 2.1 

Lot 47 C (cont'd.) 

Lot 45 b 
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(cont'd.) Radium levels in soils on properties 
adjacent to Marine base 

Depth 2 2 6Ra cone 
. a — 1 '-̂  

Location Sample No. ( f t ) (pCi/g) 

C7 C7.1 0-1.3 103 
C7.2 1.3-2.5 49 
C7.3 2.5-3.0 8 

C8 C8.1 0-1.0 57 
C8.3 2.0-2.3 9.9 

A6 A6.1 0-0.7 15 
A6.2 0.7-2.2 1.9 

A7d 

A7.1 0-1.0 27 
A7.2 1.0-2.1 2.4 

A8d 

A8.1 0-1.0 14 
A8.2 2.0-2.2 2.4 

MS3S0R150 0-1.3 1.8 
MS7R20 0-1.0 5.3 
MS8R15 0-1.0 1.5 
MS8R125 0-1.0 1.3 
MS10R20 0-1.0 < 1.5 
MS12R20 0-1.3 5.1 
MS14R20 0-1.0 5.9 

OSS 12 OSS 12 0-1.0 5.5 
0SS13 OSS 12 0-0.5 25.4 
0SS14 OSS 14 0-0.5 5.5 

OSS100 0SS100.1 0-0.5 7.3 
OSS100.2 0.5-1.0 14.1 
OSS100.3 1.0-2.0 9.2 

OSS101 OSS101.1 1.0-2.0 2.8 
OSS101.2 2.0-3.0 2.1 
OSS101.3 3.0-3.5 1.1 

OSS102 055102.1 0-2.0 
055102.2 2.0-3.0 
055102.3 3.0-3.5 

2.7 
1.2 
0.9 
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Table 22. (cont'd.) Radium levels in soils on properties 
adjacent to Marine base 

Property- Location0 

Sample No. 
Depth 
( f t ) 

226 
Ra cone 

(PCi/g) 

Lots 38A-41A, 
48 (cont'd.) ossio; OSS103.1 

OSS103.2 
OSS103.3 

0-2.0 
2.0-5.0 
2.0-4.0 

6.9 
3.8 
1.6 

S e e Fig. 5. 

Middlesex Borough Block 518. 

"Middlesex Borough Block 319. 

Common to lot 43 and lot 50. 
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Table 23. Radium concentrations in soil samples taken 
in drainage area south of Marine base 

Grid a Depth Z Z bRa cone 
location Sample ( f t ) (pCi/g) 

A6 A 6.1 0-0.7 13 
A 6.2 0.7-2.2 1.9 

A7 A 7.1 0-1.0 27 
A 7.2 1.0-2.1 2.4 

A8 A 8.1 0-1.0 14 
A 8.2 1.0-2.2 2.4 

A8.5 A 8.5.1 0-1.2 38 
A 8.5.2 1.2-2.3 5.3 

A9 A 9.1 0-1.0 11 
A 9.2 1.0-2.3 2.0 

A9.5 A 9.5.1 0-1.0 17 
A 9.5.2 1.0-2.5 0.5 

A10 A 10.1 0-1.0 4.9 
A 10.2 1.0-2.8 2.2 

B6 B 6.1 0-1.0 11 
B 6.2 1.0-2.0 16 

B7 B 7.1 0-1.0 
B 7.2 1.0-2.0 < 2 

B8 B 8.1 0-1.0 98 
B 8.2 1.0-2.2 4.0 

B8.5 B 8.5 0-1.5 2.3 

B9 B 9.1 0-1.0 1.3 
B 9.2 1.0-2.2 1.3 

B9.5 B 9.5.1 0-1.0 1.7 
B 9.5.2 1.0-2.2 0.8 
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Table 23. (cont'd.) Radium concentrations in soil samples 
taken in drainage area south of 
Marine base 

Grid Depth ~~ Ra cone 
location 3 Sample ( f t ) CpCi/g) 

BIO B 10.1 0-1.0 5.5 
B 10.2 1.0-2.3 1.5 

C6 C 6.1 0-1.0 15 

C 6.2 1.0-1.7 2.1 

C7 C 7.1 0-1.3 105 

C 7.2 1.3-2.6 49 
C 7.3 2.6-3.0 8 
C 7A 0-1.3 26 

C8 C 8.1 0-1.0 57 
C 8.2 1.0-2.0 
C 8.3 2.0-2.3 9.9 

C8.5 C 8.5.1 0-1.0 8.8 
C 8.5.2 1.0-2.0 2.6 
C 8.5.3 2.0-2.3 1.0 

C9 C 9.1 0-1.0 51 

C 9.2 1.0-2.0 51 
C 9.3 2.0-5.0 4.1 

C9.5 C 9.5.1 0-1.0 5.5 

C 9.5.2 1.0-2.0 1.5 

CIO C 10.1 0-0.5 2.8 

C 10.2 0.5-1.5 2.0 

D6 D 6.1 0-1.0 18 

D 6.2 1.0-1.4 4.0 

D7 D 7.1 0-1.0 54 

D 7.2 1.0-2.0 
D 7.3 2.0-2.7 8.4 

D8 D 8.1 0-1.5 25 

D 8.2 1.0-2.5 7.1 

D8.5 D 8.5 0-2.0 5.9 
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Table 23. (cont'd.) Radium concentrations in soil samples 
taken in drainage area south of 
Marine base 

G r i d Depth Ra cone 
location 3 Sample ( f t ) ' (pCi/g) 

D10 D 10 0-1.8 7.2 

DF6 DF 6.1 0-0.5 8.5 

DF 6.2 0.5-1.0 1.5 
DF 6.3 1.0-2.0 0.7 

DF7 DF 7 0-1.3 2.4 

DF8 DF 8 0-1.3 3.3 

DF8.5 DF 8.5' 0-1.3 2.2 

DF9 DF 9 0-1.3 1.1 

DF10 DF 10 0-1.3 1.7 

F6 F 6.1 0-0.5 19 

F 6.2 0.5-1.5 3.1 
F 6.3 1.5-3.3 1.6 

F7 b F 7 0-1.5 0.8 

F8 F 8 0-1.3 1.3 

F8.5 F 8.5 0-1.5 1.5 

F9 F 9 0-1.4 < 1 

F10 F 10 0-1.4 1.2 

MM1 MM1 0-0.5 796 

MM7 MM7 0-0.5 13.9 

MM13 MM13 0-0.5 728 
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Table 23. (cont'd.) Radium concentrations in soil samples 
taken in drainage area south of 
Marine base 

Grid 
location Sample 

Depth 
( f t ) 

226D 

Ra cone 
(pCi/g) 

RRO+00 RRD.l 0-0.5 462 

RR0.2 0.5-1.0 520 
RR0.3 1.0-1.5 170 

RR1+00 RR1.1 0-0.5 2401 
RR1.2 0.5-1.0 173 

RR2+00 RR2.1 0-0.5 118 ' 

RR2.2 0.5-1.0 84 

RR3+00 RR3.1 0-0.5 148 

RR4+00 RR4.1 0-0.5 82 

RR4.2 0.5-1.0 52 

RR5+00 RR5.1 0-0.7 M10 
RR5.2 0.7-1.3 33 
RR5.3 1.3-2.0 

DD2+00 DD2L25 Surface 79 

DD5+00 DD3L20 Surface 1.4 

DD5+00 DD5L25 Surface 1.3 

DD5+S0 DD550L10 0-1.2 2.4 

DD6+00 DD6R100 0-1.3 1.7 

WSO+00 WSO 0-0.5 1.0 

WS1+00 WS1.1 0-0.5 1.8 

WS1.2 6-1.0 2.0 

See Fig. 3. 
bCommon to lot 40 Piscataway Township Block 389. 
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Table 24. Radium concentrations in soil samples 
along main stream 

Grid Depth Ra cone 
location 3 Sample ( f t ) (pCi/g) 

MS0+00 MS0.1 0-0.8 317 
MSO. 2 0.8-1.5 182 
MSO.3 1.5-2.2 11 
MSO. 4 2.2-2.6 27 

MS1+00 MS1.1 0-0.8 • 66 
MSI. 2 0.8-1.7 11 

MS2+00 MS2.1 0-0.8 50 
MS2.2 0.8-1.7 12 
MS2.3 1.7-2.3 1.7 

MS3+00 MS3.1 0-0.8 11 
MS3.2 0.8-1.7 3.6 

MS4+00 MS4.1 0-0.8 18 
MS4.2 0.8-1.5 28 
MS4.3 1.5-1.8 2.9 

MS5+00 MS5.1 0-0.8 16 
MS5.2 0.8-1.7 11 

MS7+00 MS7.1 0-0.8 22 
MS 7.2 0.8-1.5 44 
MS7.3 1.5-2.3 3.3 

MS8+75 MS875.1 0-0.8 29 
MS875.2 0.8-1.7 31 

MS11+00 MS11.1 0-0.8 46 
MS11.2 0.'8-1.7 49 
MS11.3 1.7-2.5 5.7 

MS13+75 MSI375 1.0-2.0 2.1 

MS16+50 MS1650.1 0-0.8 208 
MS1650.2 0.8-1.7 46 

MS18+75 MS1875 1.0-2.5 1.4 

MS21+00 MS21 0-0.5 2.8 
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Table 24. (cont'd.) Radium concentrations in soil 
samples along main stream 

Grid a location Sample 
Depth 
( f t ) 

226D 

Ra cone 
(pCi/g) 

MM9 MM9 0-0.3 2 

MM11 MM11 0-6.4 53.2 

MM12 MM12 0-0.3 60.5 

MM18 MM18 0-0.3 69.9 

MM19 MM19 0-0.3 118 

MM20 MM20 0-0.3 48.6 

MM21 MM21 0-1.0 33.7 

See Fig. 3. 
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Table 25. Radium concentrations in soil samples taken on 
l e f t and right banks of the main stream 

Grid Depth Ra cone 
location Sample ( f t ) (pCi/g) 

MS1+00 MS1R25.1 0-1.0 14.4 
MS1R25.2 1.0-1.7 1.3 

MS2+00 MS2L1S.1 0-0.5 1.8 
MS2L15.2 0.5-1.3 1.3 

MS3+50 MS3S0R150 0-1.3 1.8 

MS5+00 MS5L1S 0-1.0 1.4 
MS5R20 0-1.0 . 1.7 
MS5R150 0-1.0 5.3 

MS6+00 MS6L20 0-1.0 1.8 

MS7+00 MS7R20 0-1.0 5.3 

MS8+00 MS8R15 0-1.0 1.5 
MS8R125 0-1.0 . 1-3 

MS9+00 MS9L15 0-1.0 1.5 

MS10+00 MS10R20 0-1.0 < 1.5 

MS11+00 MS11L15 0-1.0 2.5 

MS12+00 MS12R20 0-1.3 3.1 

MS14+00 MW14R20 0-1.0 3.9 

MS15+00 MW15L20.1 0-1.0 8.3 
MS15L20.2 1.0-2.3 1.7 

MSO-75 MS075L20 0-1.2 < 1.0 

See Fig. 3. 
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Table 26. Uranium concentrations in selected 
offsite soil samples 

Uranium cone 
Sample3 Location (ppm U) 

MUD Main drain-origin 1960 

MM1 Secondary drainage ditch 5280 

MM2 Flood plain south of Marine base 26.5 

MM5 Main drain-100 f t downstreem 5200 

MM8 Flood plain south of Marine base 83.6 

MM11 Main stream-500 f t downstream 449 

MM12 Main stream-300 f t downstream 568 

MM13 Secondary drainage ditch 4018 

MM15 Ambrose below confluence w/mainstream 16.6 

MM18 Main stream-1900 f t downstream 436 

MM19 Main stream-1375 f t downstream 594 

MM20 Main stream-800 f t downstream 262 

MM21 Main stream-800 f t downstream 222 

MM22 Middlesex Borough Block 318 Lots 11-12 126 

MM25 Marine property adjoinint Block 318 Lots 1-6 38.6 

MM27 Middlesex Borough property SE corner of Marine base 17.5 

0SS2 Middlesex Borough Block 318 Lots 1-6 48.1 

0SS8 Middlesex Borough Block 318 Lots 21-29 75.5 

0SS11 Middlesex Borough Block 319 Lots 24-25 ' 4.2 

aSee Fig. 3. 
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Table 27. Lead-210 and thorium-230 concentrations 
in selected off s i t e soil samples 

Sample3 

Soil concentration 

210pb 

(pCi/g) 
2 3 0 T h 

MUD 1045 1230 

MM1 1117 1689 

MM5 1045 1559 

MM12 116 187 

MM15 9.8 2.5 

MM19 146 201 

MM20 71.6 101 

MM22 52.7 5.1 

•aSee Fig. 5. 



Fig. 1. Aerial view of the Middlesex Sampling Plant and surrounding area. 
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Fig. 6 Location of radon and radon daughter 
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ORNL-DWG 76-12748 

A WAREHOUSE a PROCESS BLDG-RES. 
e , e o B THAW HOUSE 

C BOILER SHOP 
D VEHICLE a EQUIPMENT STORAGE 

SCALE 1" = 120' E GARAGE 
F ADMINISTRATION BLDG. 

Fig. 7 Location of radon emanation 
measurements. 



ORNL-OWG 76-12747 

A WAREHOUSE a PROCESS BLDG-RES. 
B THAW HOUSE 
C BOILER SHOP 
D VEHICLE a EQUIPMENT STORAGE 

SCALE 1"= 120' E GARAGE 
F ADMINISTRATION BLDG. 

r i g . 8 External gamma radiation levels 
at one meter above the surface 
i n yR/hr. 



ORNL-DWG 76-12746 

INDEX OF STRUCTURES 

SCALE 1"= 120' 

A WAREHOUSE a PROCESS BLDG-RES. 
B THAW HOUSE 
C BOILER SHOP 
D VEHICLE a EQUIPMENT STORAGE 
E GARAGE 
F ADMINISTRATION BLDG. 

Vig. 9 Location of thermoluminescent 
dosimeter monitoring s ta t ions . 



Fig. 10. Confluence of main stream and Ambrose Brook. 
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Fig. 11. Main drainage ditch looking north toward Marine base, 



Fig. 12. Main drainage ditch looking south away from Marine base. 



Fig. 13. Williams Street drainage ditch. 



Fig. 14. Mosquito control drainage ditch looking west. 



Fig. 15. Confluence of main drain with stream. 



Fig. 16. Path of main stream along southern boundary of survey area. 
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Fig. 17. Location of o f f s i t e properties. 
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Fig. 18. Offs i t e s o i l sample locations. 
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Fig. 19. Extent of o f f s i t e Ra contamination. 
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RADIATION SURVEY METERS 

Alpha Survey Meters 

Two types of alpha survey meters are used to measure alpha contamination 

on surfaces. One type of instrument uses an ZnS sc i n t i l l a t o r and the other 

uses an end window gas-flow proportional counter to detect the alpha radi

ation. 

The alpha s c i n t i l l a t i o n survey meter (see Fig. I-A) consists of a large 
2 

area (100 cm ) ZnS detector with a photomultiplier tube in the probe which 

is coupled to a portable scaler/ratemeter. The ZnS detector is covered 

with a 5-mil aluminized mylar sheet in order to make the instrument l i g h t -

tight. The mylar, in turn, is covered with a grid to prevent puncturing 

the detector when surveying over rough surfaces. This instrument is 

capable of measuring alpha surface contamination levels of a few dpm/100 
2 

cm but must be used in the scaler mode to do this. I t is highly selective 

for densely ionizing radiation such as alpha particles; the instrument 

is relatively insensitive to beta and gamma radiation. 
The gas-flow proportional counter uses propane gas as the detection 

medium. I t can measure alpha contamination levels from a few hundred 
2 2 

dpm/100 cm to several hundred thousand dpm/100. cm . The probe has a 

surface area of approximately 61 cm2 and has a 2-5 mil aluminized mylar 

covering with a protective grid. Due to the protective grid, the active 
2 

area of the probe is 50 cm . I t is relatively insensitive to other than 

alpha radiation. This instrument, shown in Fig. I-B, is manufactured 

by the Eberline Instrument Company as their model PAC-4G survey meter. 

Both of these instruments are calibrated at ORNL using 2 5 9Pu alpha 

sources. While each instrument is individually calibrated, the calibration 

factors are .typically.5 to 6 dpm/cpm. 
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Beta Survey Meter 

A portable Geiger-Muller (G-M) survey meter is the primary instrument 

for measuring beta-gamma contamination. The G-M tube is a halogen-quenched 

2 

stainless steel tube having a 30 mg/cm wall thickness and presenting a 

cross-sectional area of approximately 10 cm2. Since the G-M tube is sensitive 

to both beta and gamma radiation, measurements are taken in both an open 

window and a closed-window configuration. Beta radiation cannot penetrate 

the closed window and thus the beta reading can be determined by taking 

the difference between the open and closed window readings. This meter 

is shown in Fig. I-C. 

In order to assess beta-gamma surface dose rates from uranium con

taminated surfaces using this instrument, a f i e l d calibration was performed. 

The G-M survey method was compared with a Victoreen Model 440 ionization 

chamber (see Fig. I-D) and was found to produce 1750 cpm per mrad/hr with a 

25% standard deviation for a wide variety of surfaces including concrete, 

wood, pavement, bricks, and steel beams. 

Gamma Scintillation Meter 

A portable survey meter using a Nal s c i n t i l l a t i o n probe has been used 

to measure low-level gamma radiation exposure. The s c i n t i l l a t i o n probe is a 

3.2 x 3.8 cm Nal crystal mounted on a photomultiplier tube. This probe is 

coupled with a Victoreen Model Thyac I I I ratemeter (see Fig. I-E) . This 

unit is capable of measuring radiation levels from a few yR/hr to several 

hundred yR/hr. This instrument is calibrated at ORNL with a NBS standard 

226n 

Ra source. Typical calibration factors are of the order of 300 cpm per yR/hr 
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SMEAR COUNTERS 

Alpha Smear Counter 

This detector assembly used for the assay of alpha emitters on 

smear paper samples, consists of a li g h t - t i g h t sample holder, a ZnS 

phosphor and a photomultiplier tube. This detector assembly was used 

with electronic components housed in a portable NIM bin. The electronic 

package consisted of a preamplifier, an ORTEC 456 940 high voltage power 

supply, a Tennelec TC 211 linear amplifier and a Tennelec TC 545 A 

counter-timer (see Fig. I-F). 

The alpha smear counter was used in the f i e l d and was calibrated 

daily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

The beta smear counter consisted of a thin mica window (̂  2 mg/cm2) 

G-M tube mounted on a sample holder and housed in a 23 x 35 cm lead 

shield. Located under the counter window is a slotted sample holder, 

accessible through a hinged door on the shield. An absorber can be 

interposed in the slot between the sample and the counter window to 

determine relative beta and gamma contributions to the observed sample 

counting rate. The electronics for this counter were housed in a port

able NIM bin and consisted of a Tennelec TC 148 preamplifier, an ORTEC 

456 high voltage power supply and a Tennelec TC 545 A counter-timer. 

This unit, shown in Fig. I-F, was used in the f i e l d to measure beta 

ac t i v i t y on smear papers and was calibrated daily using a beta standard 

of known activ i t y . 



S7 
I 

Fig. I-A. Alpha s c i n t i l l a t i o n survey meter. 



Fig. I-B. Portable gas-flow proportional 
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Fig. I-C. Geiger-Muller survey meter. 



Fig. I - l ) . Victoreen Model 440 ionization 





Fig. I-F. Smear counters and associated 
•electronics. The beta counter is 
on the l e f t and the alpha is on 



APPENDIX I I 

DESCRIPTION OF Ge(Li) DETECTOR AND 

SOIL COUNTING PROCEDURES 
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A holder for twelve 50-cc polyethylene (standard liquid s c i n t i l l a t i o n 

sample) bottles and a background shield have been designed for use with 

a 50-cc Ge(Li) detector system in laboratory counting of natural radio

a c t i v i t y in environmental samples (see Figs. II-A, I I - B ) . During counting 

of the samples, the holder is used to position ten of the sample bottles 

around the cylindrical surface of the detector, parallel to and symmetric 

about i t s axis and two additional bottles across the end surface of the 

detector, perpendicular to and symmetric with i t s axis. With a 300 cc 

sample and a graded shield developed for use with the system, i t is pos

sible to measure 1 pCi/cc of 2 3 2Th or 2 2 6Ra with an error of ±10%. 

Data is gathered by a 4096-channel analyzer and is entered directly 

into a computer program which uses an ite r a t i v e least squares method to 

identify those radioisotopes found in the sample. The program relies on 

a look-up table of radioisotopes which contain approximately 700 isotopes 

and 2500 gamma rays and runs continuously on the IBM-360 system at ORNL. 

In particular, the program brackets the six principal gamma rays i n the 

2 2 6Ra decay chain (295, 552, 609, 1120, 1765, and 2204 keV). Additionally, 

the program identifies the 1 3 7Cs line at 661.64 keV, and the amount of 

i 7 o 234 i 
U is estimated from the Th lines found. 



Fig. IT-A. Sample holder and Ge(I,i) detector. 
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Fig. II-B. Ge(Li) detector shield and 
counting system. 



APPENDIX I I I 

PERTINENT RADIOLOGICAL REGULATIONS, 

STANDARDS AND GUIDELINES 



GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT 

PRIOR TO RELEASE FOR UNRESTRICTED USE 

OR TERMINATION OF LICENSES FOR BY-PRODUCT, SOURCE, 

OR SPECIAL NUCLEAR MATERIAL 

U. S. Nuclear Regulatory Commission 
Division of Fuel Cycle and 
Material Safety 
Washington, D.C. 20555 

November 1976 
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The instructions i n t h i s guide i n conjunction with Table I specify the 
radioactivity and radiation exposure rate l i m i t s which should be used 
in accomplishing the decontamination and survey of surfaces or premises 
and equipment prior to abandonment or release for unrestricted use. 
The l i m i t s i n Table I do not apply to premises, equipment, or scrap 
containing induced radioactivity for which the radiological considera
tions pertinent to their use may be diffe r e n t . The release of such 
f a c i l i t i e s or items from regulatory control w i l l be considered on a 
case-by-case basis. 

1. The licensee shall make a reasonable e f f o r t to eliminate residual 
contamination. 

2. Radioactivity on equipment or surfaces shall not be covered by 
paint, plating, or other covering material unless contamination 
levels, as determined by a survey and documented, are below the 
l i m i t s specified i n Table I prior to applying the covering. A 
reasonable e f f o r t must be made to minimize the contamination 
pri o r to use of any covering. 

3. The radioactivity on the i n t e r i o r surfaces of pipes, drain lines, 
or ductwork shall be determined by making measurements at a l l traps, 
and other appropriate access points, provided that contamination 
at these locations i s l i k e l y to be representative of contamination 
on the i n t e r i o r of the pipes, drain lines, or ductwork. Surfaces 
of premises, equipment, or scrap which are l i k e l y to be contaminated 
but are of such size, construction, or location as to make the 
surface inaccessible for purposes of measurement shall be presumed 
to be contaminated i n excess of the l i m i t s . 

4 Upon request, the Commission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap having surfaces 
contaminated with materials i n excess of the l i m i t s specified. This 
may include, but would not be limited t o , special circumstances such 
as razing of buildings, transfer or premises to another organization 
continuing work with radioactive materials, or conversion of f a c i l i t i e s 
to a long-term storage or standby status. Such request must: 

a. Provide detailed, specific information describing the 
premises, equipment or scrap, radioactive contaminants, 
and the nature, extent, and degree of residual surface 
contamination. 

b. Provide a detailed health and safety analysis which reflects 
that the residual amounts of materials on surface areas, 
together with other considerations such as prospective vise 
of the premises, equipment or scrap, are unlikely to 
result i n an unreasonable r i s k to the health and safety 
of the public. 
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5. Prior to release of premises for unrestricted use, the licensee 
shall make a comprehensive radiation survey which establishes that 
contamination i s within the l i m i t s specified i n Table I . A copy 
of the survey report shall be f i l e d with the Division of Fuel Cycle 
and Material Safety, USNRC, Washington, D.C. 20555, and also the 
Director of the Regional Office of the Office of Inspection and 
Enforcement, USNRC, having j u r i s d i c t i o n . The report should be 
f i l e d at least 30 days prior to the planned date of abandonment. 
The survey report shall: 

a. Identify the premises. 

b. Show that reasonable e f f o r t has been made to eliminate 
residual contamination. 

c. Describe the scope of the survey and general procedures 
followed. 

d. State the findings of the survey i n units specified i n 
the instruction. 

Following review of the report, the NRC w i l l consider v i s i t i n g the 
f a c i l i t i e s to confirm the survey. 



TABLE I 

ACCEPTABLE SURFACE CONTAMINATION LEVELS 

NUCLIDES11 
b c f 

AVERAGE 
MAXIMUM̂  d f REMOVABLE1* 6 f 

U-nat, U-235, U-238, and 
associated decay products 

2 
5,000 dpm a/100 cm 

2 
15,000 dpm a/100 cm 

1,000 dpm a/100 cm2 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 
Ac-227, 1-125, 1-129 

2 
100 dpm/100 cm 

2 
300 dpm/100 cm 

20 dpm/100 cm2 

Th-nat, Th-232, Sr-90 
Ra-223, Ra-224, U-232, 1-126, 
1-131, 1-133 

1,000 dpm/100 cm2 3,000 dpm/100 cm2 200 dpm/100 cm2 

- o 

Beta-gamma emitters (nuclides 
2 

5,000 dpm BY/100 cm 
2 

15,000 dpm fly/lOO cm 
1,000 dpm By/100 cm2 

with decay modes other than 
alpha emission or spontaneous 
fission) except SR-90 and 
other noted above. 

aWhcre surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the l i m i t s established for alpha- and 
beta-gamma-einitting nuclides should apply independently. 

bAs used in t h i s tabic, dpm (disintegrations per minute) means the rate of emission by radioactive material as determined 
by correcting the counts per minute observed by an appropriate detector for background, efficiency, and geometric factors 
associated with the instrumentation. 

cMcasurements of average contaminant should not be averaged over more than 1 square meter. For objects of less surface 
area, the average should be derived for each such object. 

.̂ b-v̂ f (f; ^ 



TABLE I (cont'd.) 

The maximum contamination level applies to an area of not more then 100 cm . 

The amount of removable radioactive material per 100 cm of surface area should be determined by wiping that area with 
dry f i l t e r or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material on the 
wipe with an appropriate instrument of known efficiency. When removable contamination on objects of less surface area 
is determined, the pertinent levels should be reduced proportionally and the entire surface should be wiped. 

The average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters shouT 
not exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respectively, measured through not more than 7 milligrams per 
square centimeter of t o t a l absorber. 
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Excerpts From 

Proposed American National Standard 

N328 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Fa c i l i t i e s to be 

Released for Uncontrolled Use 
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Property shall not be released for uncontrolled use unless documented 
measurements show the tot a l and removable contamination levels to be 
no greater than the values in Table 1 or Table 2. (Table 2 is easier 
to apply when the contaminants cannot be individually identified.) 

Where potentially contaminated surfaces are not accessible for measurement 
(as i n some pipes, drains, and ductwork), such property shall not be 
released pursuant to this standard, but made the subject of case-by-case 
evaluation. Credit shall not be taken for coatings over contamination. 
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TABLE 1 

SURFACE CONTAMINATION LIMITS 

* 2 
The levels may be averaged over the 1 m provided the maximum a c t i v i t y 

2 
m any area of 100 cm i s less than 3 times the l i m i t value. 

Limit (Activity) 
2 

dpm/100 cm 

Nuclide 

Total Removable 
Group 1: Nuclides^for wblch the nonoccupational 
MPCa** i s 2 x 10 Ci/m or less or for_which the 
nonoccupational MPC *** i s 2 x 10~ Ci/m or less; 
includes Ac-227; Am-241; - 242m, -243; Cf-249; -250, 

100 20 

1,000 200 

5,000 1000 

*See note following Table 2 on application of l i m i t s . 

**MPCa". Maximum Permissible Concentration i n Air applicable to coninuous 
exposure of members of the public as published by or derived from an 
authoritative source such as NCRP, ICRP or NRC (10 CFR Part 20 Appendix 
B Table 2, Column 1.) 

***MPC : Maximum Permissible Concentration i n Water applicable to mem
bers o i the public. 

****Values presented here are obtained from 10 CFR Part 20. The most 
li m i t i n g of a l l given MPC values (e.g. soluble vs. insoluble) are to be 
used. In the event of the occurence of mixture of radionuclides, the 
fraction contributed by each constituent of i t s own l i m i t shall be de
termined and the sum of the fractions must be less than 1. 

-251, -252; Cm-243, -244, -245, -246, -247, -248; 
1-125, -129; Np-237; Pa-231; Pb-210; Pu-238, -239 
-240, -242, -244; Ra-226, -228; Th-228, -230.**** 

Group 2: Those nuclides not i n Groupjl for which 
the nonoccupational MPC ** i s 1 x IO"' Ci/m or 
less or,for which the nonoccupational MPC .*** i s 
1 x 10" Ci/m or less; includes Es-254; Fm-256; 
1-126, -131, -133; Po-210; Ra-223; Sr-90; Th-232; 
U-232.**** 

Group 3: Those nuclides not in Group 1 or 
Group 2. 



106 

TABLE 2 

ALTERNATE SURFACE CONTAMINATION LIMITS 

(All alpha emitters, except U-nat and Th-nat are considered as a group) 

2 
The levels may be averaged over 1 m * provided the maximum a c t i v i t y in 

any area of 100 cm is less than 3 times the l i m i t value. 

Limit (Activity) 
2 

dpm/100 cm 

Nuclide 
Total Removable 

I f the contaminant cannot be identified; or 
i f alpha emitters other than U-nat and Th-nat 100 
are present; or i f the beta emitters comprise 
Ac-227, Ra-226, Ra-228, 1-125 and 1-129. 

I f i t i s known that a l l alpha emitters are 
generated from U-nat and Th-nat; and beta 
emitters are present which, while not 1,000 
identified, do not include Ac-227, 1-125, 
1-129, Ra-226 and Ra-228. 

I f i t is known that alpha emitters are 
generated only from U-nat and Th-nat; and 
the beta emitters, while not identified, 5,000 
do not include Ac-227, 1-125, 1-129, Sr-90, 
Ra-223, Ra-228, 1-126, 1-131 and 1-133. 

20 

200 

1,000 

*NGTE ON APPLICATION OF TABLES 1 AND 2 TO ISOLATED SPOTS OR ACTIVITY: 

3 
For purposes of averaging, any m of surface shall be2Considered to be 
contaminated above the l i m i t , L, applicable to 100 cm i f : 
a. From measurements of a representative number, n, of2sections, i t is 
determined that 1/n ISi > L, where Si is the dpm/100 cm determined from 
measurement of secti3n i ; or 

2 
b. On surfaces less than 1 m , i t i s determined 2that 1/n ZSi > AL, 
where A is the area of the surface i n units of m ; or n 

c. I t is determined that t h ^ a c t i v i t y of a l l isolated spots or particles 
in any area less than 100 cm exceeds 3L. 
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FOREWORD 

The U.S. Department of Energy (DOE) has determined that the former 

Middlesex Sampling Plant i n Middlesex, New Jersey, and some associated 

private properties i n the Middlesex area are presently contaminated with 

radioactive residues resulting from previous uses of the sampling plant 

property. In the 1940s and 1950s, the former Middlesex Sampling Plant 

f a c i l i t y functioned as a storage depot and sampling plant for Belgian 

Congo uranium ore. The plant was decommissioned in the mid-1950s, and 

sampling a c t i v i t i e s were moved to other locations. 

In 1978, an aerial radiological survey of the Middlesex area was 

conducted to determine whether significant quantities of radium-

contaminated material had been transported to o f f - s i t e areas i n the 

v i c i n i t y of the sampling plant. This aerial survey i d e n t i f i e d 13 areas 

with above-background radiation levels. These areas included the samplinj 

plant and a former municipal l a n d f i l l on Mountain Avenue, both of which 

are the subject of separate DOE re p o r t s . 1 " 2 The levels at eight of the 

other 11 areas are attributed to the presence of natural outcroppings of 

a reddish-brown shale, and the use of granite products. No material 

from the former sampling plant is present i n these locations. 

The remaining three areas i d e n t i f i e d by the aerial survey are 

private properties which were suspected to contain materials originating 

from the former sampling plant. The f i r s t of these properties i s located 

on Harris Avenue and i s the s i t e of the Church of Our Lady of Mount 

Virgin. I t i s believed that s o i l from the sampling plant was moved to 

the s i t e i n about 1947. The second s i t e consists of a small area i n a 

private vehicle parking l o t at the north end of the Union Carbide Plant 

in Bound Brook, New Jersey. Available records f a i l to indicate any l i n k 
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bet»ee„ contamination at the parking lot and the s a v i n g plant. The 

third site is a private residence on Killiam Street in Piscataway New 

Jersey. A previous owner of the property notified DOE that soil had 

been taken from the Middlesex Sampling Plant to use as f i l l d i r t in the 

' The purpose of this report is to provide the results ox the radio

logical surveys conducted at these three properties, as well as one 

additional location downstream from the Middlesex Sampling Plant (Willow 

Lake). These surveys, performed by the Health and Safety Research 

Division at Oak Ridge National Laboratory, were conducted to character-

i*e the extent of the contamination at each location for input to the 

aecision on what remedial action might be necessary under the Formerly 

Utilized Sites Remedial Action Program (FUSRAP) of the DOE. 



1. RADIOLOGICAL SURVEY OF THE RECTORY OF OUR LADY OF 
MOUNT VIRGIN CHURCH, MIDDLESEX, NEW JERSEY 

ABSTRACT 

A radiological survey was conducted at property owned by the Church 

of Our Lady of Mount Virgin, located on Harris Avenue in Middlesex, New 

Jersey. The survey consisted of measurements of the following: surface 

contamination levels outdoors on the si t e and indoors on each level of 

the church rectory; external gamma radiation levels at the surface and 

at 1 m above the surface outdoors on the s i t e , and external gamma 

radiation levels at 1 m above the floor in each room of the rectory; 

radionuclide concentrations i n surface s o i l , subsurface s o i l , and water 

on the s i t e ; and radon concentrations indoors i n the basement and on the 

f i r s t level of the rectory. 

The survey revealed that the yard around the church rectory is con

taminated with a 2 2 5Ra-bearing material, probably pitchblende ore from 

the former Middlesex Sampling Plant. The elevated 2 2 6Ra concentrations 

around and, to a lesser extent, underneath the rectory are leading to 

elevated 2 2 2Rn concentrations i n a i r i n the rectory and elevated alpha 

contamination levels (from radon daughters) on surfaces inside the 

rectory. External gamma radiation levels in the rectory yard are well 

above background levels, and beta-gamma dose'rates at many points in the 

yard are above federal guidelines for the release of property for 

unrestricted use. 

INTRODUCTION 

At the request of the Department of Energy (DOE), a radiological 

survey was conducted at property owned by the Church of Our Lady of 

Mount Vir g i n , located on Harris Avenue i n Middlesex, New Jersey. A plan 

view of the surveyed property i s shown i n Fig. 1-1. 

Elevated gamma radiation levels were discovered on t h i s property i n 

the v i c i n i t y of the church rectory during an aeri a l survey by the 

Washington Aerial Measurements Department of EG5G.3 This ae r i a l survey 



was be^g made of a large area surrounding the former Middlesex Sampling 

Plant, where pitchblende ores were handled i n the 1940s. Some Middlesex 

residents r e c a l l that, i n about 1947, s o i l was moved from the Middlesex 

Sampling Plant and was used as f i l l d i r t for what i s presently the 

rectory lawn. Records kept by the Church of Our Lady of Mount Virgin 

indicate that a resolution to build the rectory was passed m 

September, 1947. However, there are apparently no available records 

stating when the rectory was b u i l t , where the f i l l d i r t was collected, 

or whether the f i l l d i r t had been placed on the property before the 

construction of the rectory. 

The radiological survey was conducted by members of the Health and 

Safety Research Division of the Oak Ridge National Laboratory (ORNL) 

during the period June 6-17, 1978. The survey included the following 

measurements: 

!. gamma radiation levels at the surface and at 1 m above the 

surface outdoors on the s i t e ; 

2. beta-gamma dose rates at 1 cm from the surface outdoors on the 

3. radionuclide concentrations i n surface and subsurface s o i l on 

4. ^ r a d i a t i o n levels as a function of depth in auger holes 

d r i l l e d outdoors on the s i t e ; 

3 radionuclide concentrations i n water samples taken from auger 

holes d r i l l e d on the rectory lawn and i n a sample of tap water 

taken from the kitchen of the rectory; 
in thp rectorv basement and in radon-222 concentrations m a i r m the recrory u 

a bedroom on the f i r s t level of the rectory; 

alpha and beta-gamma contamination levels (by direct reading) 

on the f l o o r , walls, and ce i l i n g of each room of the rectory; 

transferable alpha and beta contamination levels i n each room 

of the rectory; 

external ga-a radiation levels at 1 . above the fl o o r tn each 

room of the rectory. 

6. 

7. 



SURVEY METHODS 

Methods Used for the Survey Outdoors 

The outdoor area of the s i t e was divided into "survey blocks" by 

the rectangular grid system shown in Fig. 1-1. In the area surrounding 

the rectory and the old church, survey blocks measuring 25 f t x 25 f t 

were used. On the remainder of the s i t e , larger survey blocks 

(50 f t x 50 f t or larger) were used. At the center of each survey 

block, the external gamma radiation level was measured 1 m above the 

ground with a Nal s c i n t i l l a t i o n survey meter (see Appendix I ) , and at 

1 cm from the surface, open- and closed-window Geiger-Mueller (G-M) 

survey meter measurements were made. (The Geiger-Mueller survey meter 

is described i n Appendix I.) Additionally, each of the 25 f t x 25 f t 

survey blocks and each survey block adjacent to Drake Avenue across the 

street from the rectory was scanned with a Nal s c i n t i l l a t i o n meter held 

near the ground. At the point showing the maximum gamma radiation 

level, the same types of measurements made at the center point of the 

survey block were repeated. 

Surface s o i l samples were collected at nine of the points on the 

site showing highest beta-gamma dose rates. These samples were returned 

to ORNL for analysis of 2 2 6Ra and 2 3 8U. 

Subsurface s o i l analysis was conducted i n holes d r i l l e d with a 

motorized r i g (equipped with an 8-in.-diam auger) to depths well below 

the natural shale formation at the locations shown in Fig. 1-2. A 

plastic pipe with a 4-in. inner diam was placed i n each hole, and a Nal 

s c i n t i l l a t i o n probe was lowered inside the pipe. The probe was encased 

in a lead shield with a narrow opening on the side. This arrangement 

allowed measurements of gamma radiation intensities resulting from 

contamination within small fractions of the hole depth. Measurements 

were usually made at 6-in. intervals i n very contaminated regions and at 

1-ft intervals i n r e l a t i v e l y uncontaminated regions. At two locations 

(holes 7 and 8 shown in Fig. 1-2) a split-spoon sampler with a 3-in. 

diam was used to collect s o i l samples at intervals from 6 i n . to 1 f t 

throughout the contaminated zone. At each of these locations, logging 
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concentrations. Because some radon and progeny from previous 30-min 

counts remain i n the Wrenn Chamber, each reading actually represents a 

concentration which has been integrated over a period of 2 to 4 hr. 

In one of the basement rooms, a rectangular opening had been l e f t 

in the concrete floor for access to a clean-out plug in the sewer system. 

Samples of s o i l were taken from the ground through t h i s opening at 

intervals of approximately 5 to 6 i n . u n t i l the natural shale formation 

was encountered at approximately 18 i n . Subsurface s o i l samples were 

also taken at approximately 6-in. intervals to a depth of 30 i n . in 

uncovered d i r t found outside the building foundation but inside the 

enclosed back entrance to the basement at the bottom of the sta i r s . A l l 

s o i l samples were analyzed for 2 2 6Ra, 2 3 8U, and 2 3 2Th. 

A water sample was taken from a faucet i n the kitchen of the rectory. 

The sample was analyzed for 2 2 6Ra, 2 3 0Th, 2 3 8U, and 2 1 0Pb. 

SURVEY RESULTS 

Background Radiation Levels and Radionuclide Concentrations 

Background external gamma radiation levels i n the Middlesex area 

generally vary between 5 and 10 yR/hr. Concentrations of 2 2 6Ra, 2 3 2Th, 

and 2 3 8U in background s o i l i n the Middlesex area are t y p i c a l l y near 

1 pCi/g. 

Background beta-gamma dose rates, as measured with G-M survey 

meters used on the s i t e , generally average less than 0.03 mrad/hr. 

Background direct alpha readings for the type of alpha meter used on 

th i s s i t e are negligible. A l l direct meter readings reported i n t h i s 

document represent gross readings (background radiation levels have not 

been subtracted). Similarly, background levels have not been subtracted 

from radionuclide concentrations measured i n environmental samples. For 

the measurement of transferable alpha and beta contamination levels, 

average background counts were determined for the smear counters (at the 

place of counting), and these background counts were subtracted from 

gross counts. 



Results of the Survey Outdoors 

namma and Beta-Gamma Measurements 

External gamma measurements at 1 m and beta-gamma dose-rate 

measurements at 1 cm above the ground over the site indicated that 

nearly a l l the radioactive contamination on the site could be found 

within the triangular area bounded by Harris. Avenue, Drake Avenue, and 

the grid line between rows 10 and 11 of the survey blocks (see 

Fig 1-2) This area consists principally of the rectory lawn and the 

rectory i t s e l f , but includes part of the lawn more naturally associated 

with the old Catholic Church. In addition, gamma and beta-gamma measure

ments revealed the existence of small, contaminated spots on the ground 

in the playground across Drake Avenue from the rectory (see Fig. 1-1). 

External gamma levels at 1 » above the lawn around the rectory and 

the old Catholic Church, and in the playground are shown in Fig. 1-*. 

Measurements in Fig. 1-3 are reported in UR/hr and are given in the form 

W , where A is the external gamma level at 1 . above the center of t e 

indicated survey block, and B is the highest external gamma level at 1 m 

in the entire survey block. The average external gamma level at 1 m in 

the area around the rectory indicated in Fig. 1-3 was approximately 

33 pR/hr, and the maximum external gamma level at 1 « in the same area 

was approximately 220 uR/hr. 

Beta-gamma dose rates at 1 cm above the lawn in the contaminated 

area around the rectory and the old Catholic Church, and in the play

ground are shown in Figs. 1-4 and !-S. Figure 1-4 shows the beta-gamma 

fose rates at 1 cm at the center of the survey block, and Fig. 1- shows 
o A*** rates at 1 cm at the maximum gamma point in the the beta-gamma dose rates at 1 * 

. c p;,,,. i_4 and 1-5 are reported in survey block. A l l measurements in Figs, l 4 ana * 

mrad/hr. The average beta-gamma dose rate at 1 cm in the contaminated 

area around the rectory and the old Catholic Church as shown in 

Figs. 1-4 and 1-5 was approximately 0.04 to 0.05 mrad/hr, and the 
j ,,«.,. at 1 cm in this area was 1.3 mrad/hr. 

maximum observed beta-gamma dose rate at 1 cm in 

in the playground across Drake Avenue from the rectory, some 

contamination was found in isolated spots. External gamma radiation 

ievels at 1 m in this area (see Fig. 1-3) were generally in the range 
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of 6 to 9 uR/hr, and at isolated spots were as high as 16 uR/hr. Beta-

gamma dose rates at 1 cm from the surface were as high as 0.19 mrad/hr 

at isolated spots (see Figs. 1-4 and 1-5). 

Surface Contamination Outdoors on the Site 

Surface s o i l samples were taken at the locations shown in Fig. 1-6. 

These sampling locations were chosen because of elevated gamma radiation 

levels at the surface. Concentrations of 2 2 6Ra and 2 3 9U in these samples 

and the external gamma radiation levels at the surface at sampling 

points are reported in Table 1-1. A l l of the samples showed more than 

100 pCi/g of 2 2 5Ra, and some of the samples showed licensable concentra

tions of uranium (0.05% by weight, corresponding to 172 pCi/g of 2 3 8U; 

see 10 CFR 40). A pa r t i c u l a r l y noteworthy sample l i s t e d in Table 1-1, 

sample 8, is not actually a surface sample, but was a small rock taken, a 

few inches beneath the surface in the playground across Drake Avenue 

from the rectory (see Fig. 1-6). This sample showed a 2 2 5Ra concentra

tion of 20,000 pCi/g and a 2 3 8U concentration of 21,000 pCi/g (6.1% 

uranium by weight). 

Subsurface Contamination Outdoors on the Site 

Holes were drilled outdoors at the locations shown in Fig. 1-2. 

Core samples were taken at known depths from holes 7, 8, and 13, and 

randomly selected samples of soil were taken from holes 1 through 6. 

Concentrations of 2 2 6Ra, : 3 8U, and 2 3 2Th in subsurface samples taken at 

these locations are given in Table 1-2. Estimates of 2 2 6Ra concentrations 

made from gamma scintillator loggings for the holes where no core samples 

were taken are given in Table 1-5. It appears from the results in 

Tables 1-1, 1-2, and 1-3 that an area bounded by Drake Avenue, Harris 

Avenue, and an imaginary line possibly 25 ft or more west of the west 

side of the rectory is contaminated in most places from near the surface 

to a depth of 2 ft to 4 ft. The contaminated soil shows, on the average, 

approximately equal activities of 2 2 6Ra and 2 3 8U. This fact, together 

with the suspected source of the contaminant, strongly suggests that the 

radioactive material is pitchblende ore. Furthermore, the survey 

results indicate that there may be as much as 2,000 yd 3 of contaminated 
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soil around the rectory containing from 5 to 9,800 pCi/g of Ra and 

comparable concentrations of 2 3 8U. 

I t appears from survey results that the contamination on the play

ground across Drake Avenue from the rectory exists only in small, isolated 

spots near the surface. However, as indicated earlier, 2 2 6Ra and 2 3 8U 

concentrations in soil at those contaminated spots may be extremely 

high. As an example, one sample (a rock) taken a few inches beneath the 

surface showed 20,000 pCi/g of 2 2 6Ra and 21,000 pCi/g of 2 3 8U. Logging 

of auger holes drilled within 1 f t of contaminated surface locations 

indicated no subsurface contamination at these locations (see 

Table 1-3). 

Water was encountered at a depth of approximately 8 f t in three of 

the auger holes. Samples of the water were taken for analyses of 2 3 8U, 
2 1 0Pb, 2 3 0Th, and 2 2 6Ra concentrations. Results are reported in 

Table 1-4. 

Results of the Survey Inside the Rectory 

Radon Measurements 

Radon is apparently entering the rectory through a rectangular 

opening ("sump") which was l e f t in the concrete floor in Room 7 in the 

basement for access to a clean-out plug in the sewer system (see 

Fig. 1-7). 

Continuous radon measurements were made for ten days in Rooms 2 and 

9 in the basement (see Fig. 1-7) and for three days in Room 9 on the 

street level (see Fig. 1-8). Results are reported in Tables 1-5 and 

1-6. Radon concentrations in Room 2 of the basement averaged approxi

mately 20 pCi/liter and were as high as 48 pCi/liter, while those in 

Room 9 of the basement averaged approximately 30 pCi/liter and ranged up 

to 92 pCi/liter. Radon concentrations in Room 9 on the street level 

ranged from 0.05 to 2.5 pCi/liter and averaged approximately 0.8 pCi/liter. 

These short-term radon measurements may not be representative of 

radon concentrations in air in the rectory over the period of a year, 

and further radon sampling would be desirable. In particular, the f i r s t 

level of the rectory was very well ventilated during the period of radon 



measurements; hence, the measured radon concentrations on that level mav 

have been far below the average annual concentration. The radon measure-

ments do indicate, however, that a potential hazard from radon and i t s 

progeny may exist in this structure. 

I i i . i - C l L ? T l U r T i t S °.i A 1 P h a C o n t a m i " a * i o n and Measurements of lransferable Alpna and Beta Contamination LeveTT 1 

Direct alpha measurements taken at the centers of the floors and 

walls in individual rooms in the rectory are shown in Figs. 1-7 through 

1-10. Direct alpha measurements in the basement were as high as 

840 dpm/100 cm2. On the street level, second level, and third level of 

the rectory, the maximum direct alpha measurements were 200 80 and 

20 dpm/100 cm2, respectively, i t appears that alpha contamination m 

this structure is principally (and perhaps entirely) the result of radon 

daughters which settle out of the air and become attached to surfaces 

An experiment was performed in the basement to determine how large this 

contribution from radon daughters was to the total measured alpha con

tamination. At two locations in Room 9 and at two locations in Room 7 

xn the basement, new (uncontaminated) materials were placed on the floor 

and were l e f t for 24 hr. Then direct alpha measurements were taken on 

these materials and on the floor nearby. At each of the four locations 

the direct alpha measurements on the floor (which were 200 dpm/100 cm2 

or more m every case) were no higher than those on the new materials 

This experiment indicates that the elevated direct alpha measurements on 

the floor (at least at these locations) were due to airborne alpha 

emitters settling out onto the floor. 

Two smear samples were taken in each room of the rectory, one on 

the floor and a second on the walls. Essentially a l l of the radon 

daughters which settle out on surfaces are easily removable. Hence, in 

order to determine whether removable long-lived alpha or beta emitters 

exist on the floor or wall surfaces, the smears were counted after a 

sufficient period had elapsed to allow essentially a l l radon daughter 

products on the smear samples to decay. I t was found that there was no 

distinguishable activity of long-lived alpha or beta emitters on the 

samples. 



Gamma and Beta-Gamma Measurements 

External gamma radiation levels measured at 1 m above the floors at 

the centers of the various rooms in the rectory are shown in Figs. 1-11 

through 1-14. Measurements ranged from 9 to 44 yR/hr in the basement, 

from 8 to 22 yR/hr on the street level, and from 7 to 12 yR/hr on the 

upper two levels. 

Geiger-Mueller survey meter measurements were made on the floors 

and walls in each room of the rectory. Maximum beta-gamma dose.rates 

measured in each room are reported i n Table 1-7. There was no s i g n i f i 

cant difference between open- and closed-window G-M meter measurements, 

indicating that there was no significant beta radiation at the points of 

measurement. Beta-gamma dose rates generally followed the same pattern 

as the external gamma levels shown in Figs. 1-11 through 1-14, with the 

highest beta-gamma dose rate (0.06 mrad/hr) being measured on the north 

wall of Room 7 in the basement. I t is probable that the elevated beta-

gamma dose rate at t h i s point was due p r i n c i p a l l y to gamma radiation 

from the contaminated s o i l near the outside wall. 

Contamination Levels Beneath the Rectory 

Soil samples were taken beneath the rectory at the locations shown 

in Fig. 1-15. Samples SI, S2, and S3 are surface samples; subsurface 

samples were taken at hole locations 11 and 12. Location S2 is beneath 

the steps leading to the rectory kitchen and is outside the rectory 

walls. The other locations shown in Fig. 1-15 are within the walls of 

the rectory, although the "sump" in Room 7 of the basement is the only 

soil sampling location within the concrete foundation of the rectory. 

Concentrations of 2 2 6Ra, 2 3 8U, and 2 3 2Th in soil samples SI, S2, 

and S3 are given in Table 1-8. Concentrations of these radionuclides in 

subsurface samples taken at hole locations 11 and 12 are reported in 

Table 1-2. The results show that there are significantly higher concen

trations of 2 3 8U (up to 43 pCi/g) than. 2 2 6Ra (at most 14 pCi/g) in soil 

samples taken beneath the rectory. This marked disequilibrium between 
2 2 6 2 3 8 

Ra and U suggests that at least some of the radioactive contamination 

beneath the rectory could be due to selective leaching of the radioactive 

materials adjacent to the house, since soil contaminated directly with 
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the radioactive materials placed on th i s property would probably show 

more nearly equal a c t i v i t i e s of 2 2 6Ra and ' 3 8U. Whatever the source of 

the contamination beneath the house, there are elevated i 3 8U and/or 
2 2 6Ra concentrations i n s o i l at some points beneath the rectory, at 

least near the walls. 

A water sample was taken from a faucet i n the rectory kitchen. The 

sample was analyzed for 2 3 8U, 2 1 0Pb, 2 3 0Th, and 2 2 6Ra. Results are 

li s t e d i n Table 1-4. 

SUMMARY AND CONCLUSIONS 

Property owned by the Church of Our Lady of Mount Virgin, Middlesex, 

New Jersey, is contaminated in some places with what appears to be 

pitchblende ore. Nearly a l l the radioactive contamination on the site 

lies within the triangular area bounded by Harris Avenue, Drake Avenue, 

and the grid line between Rows 10 and 11 of the survey blocks (see 

Fig. 1-2). In this area the soil outdoors is contaminated from the 

surface to depths of up to 4 ft. Survey results indicate that there may 

be up to 2000 yd3 of contaminated surface and subsurface soil around the 

rectory containing from 5 to"9,800 pCi/g of 2 2 6Ra. External gamma 

radiation levels at 1 m above the ground in the contaminated area around 

the rectory averaged approximately 53 uR/nr and were as high as 220 uF./hr. 

Beta-gamma dose rates at 1 cm from the surface in this same area averaged 

approximately 0.04 to 0.05 mrad/hr and were above 0.2 mrad/hr in some 

areas of 1 m2 or more. According to Nuclear Regulatory Commission (NRC) 

guidelines for the release of property for unrestricted use (see 

Appendix I I I ) , beta-gamma dose rates averaged over an area of 1 m2 

should not exceed 0.20 mrad/hr, and dose rates should not exceed 1 mrad/hr 

over any area of 100 cm2. 

Small contaminated areas (nearly "point sources") were found in the 

playground across Drake Avenue from the rectory. These contaminated 

spots are generally within 20 ft of Drake Avenue. Holes were augered 

within 1 ft of each of the two spots showing highest contamination. No 

subsurface contamination was found at these locations. A search for the 

source of elevated gamma radiation readings at the surface at one 
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contaminated spot on the playground revealed a contaminated "rock" a few 

inches beneath the surface. The 2 2 5Ra and 2 3 8U concentrations in this 

small sample were 20,000 pCi/g and 21,000 pCi/g (6.1% uranium by weight), 

respectively. The uranium concentration in this and several other 

samples taken on the site (particularly around the rectory) exceed the 

licensable level (0.05% uranium by weight, corresponding to 172 pCi/g of 
2 3 8U). On the playground, the highest external gamma radiation level at 

1 m above the surface was 16 uR/hr, and the highest beta-gamma dose rate 

at 1 cm from the surface was 0.19 mrad/hr. 

I t is not known whether the rectory was bui l t over contaminated 

soil. However, there is contaminated soil around the outside walls of 

the building, and analysis of soil samples taken beneath the rectory 

(near the outside walls) revealed 2 2 6Ra concentrations up to 14 pCi/g 

and 2 3 8U concentrations up to 43 pCi/g. (The concentrations of each of 

these radionuclides in background soil is typically near 1 pCi/g.) I t 

is possible that the elevated 2 2 6Ra and 2 3 8U concentrations beneath the 

rectory are the result of leaching of the radionuclides from the con

taminated soil beside the rectory. Thorium-232 concentrations in soil 

samples were a l l within the normal background range. 

Radon-222 concentrations as high as 92 pCi/liter were measured in 

the rectory basement. Radon concentrations measured on the street level 

of the house did not exceed 2.6 pCi/liter. These concentrations were 

measured during a warm season when the house was well ventilated. 

Hence i t is likely that radon concentrations are much higher during the 

colder seasons when the house is less well ventilated. The radon measure

ments indicate that a potential hazard from radon and i t s progeny could 

exist in the structure. 

I t appears that much of the radon in the rectory is entering through 

a small rectangular opening near the outside wall in the rectory basement. 

I t is also likely that significant quantities of radon are diffusing 

through the basement walls. 

Alpha contamination levels in the rectory were as high as 

840 dpm/100 cm2 (by direct reading) in the basement. On the street 

level, second level, and third level of the rectory, the maximum direct 

admeasurements were 200, 80, and 20 dpm/100 cm2, respectively. I t 
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appears that the alpha contamination in this structure is principally 

(and perhaps entirely) the result of radon daughters which settle out of 

the air and become attached to surfaces. There was no distinguishable 

activity of long-lived alpha or beta emitters on smear samples taken in 

the rectory. Maximum external gamma radiation levels at 1 m in the 

basement, street level, second level, and third level of the rectory 

were 44, 22, 12, and 9 uR/hr, respectively. 

An evaluation of the radiation exposures that could result from the 

conditions present at the rectory is provided in Appendix IV. This 

evaluation provides a comparison with present standards and gives an 

indication of the level of risk associated with the contamination at 

this site. 

Appendix V provides a table of factors for use in the conversion of 

the units of measurement utilized in this report to the newly adopted 

International System of Units (SI). This table can be consulted when 

comparison of survey data and results in SI units is required. 
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ORNL-DWG 78-21245 

9 

Rm.2 Rm.5 Rm. 4 

Rm 1 

M M ! 
DOWN «J 

NOT TO SCALE RECTORY 
THIRD LEVEL 

Fig. 1-14. External gamma radiation levels (yR/hr) at 
1 m in center of rooms on third level of rectory. 
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ORNL-DWG 78-21244 

Rm.2 

HOLE 11 
SI - • • 

Rm.1 

Rm.9 

S2-

TT 

| Rm. 3 

Rm.4 

Rm 8 

S3 

Rm.5 

Rm.6 

Rm.7 

HOLE 12 

SUMP 

RECTORY 
BASEMENT 

Fig. 1-15. Soil sampling points beneath rectory. 
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Table 1-1. 

Location 
shown 

Fig. 1-6 

BI 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

Radium and uranium concentrations i n surface a s o i l 
samples taken on the rectory s i t e at points showing 
nigh gamma radiation levels 

22 6, 'Ra 
(PCi/g) 

620 

870 

110 

140 

470 

160 

110 

20,000 

830 

2 3 8, 

(Pd/g) 

380 

1,200 

180 

140 

950 

270 

120 

21,000 

6.5 

External gamma level at 
surface at sampling point 

(MR/hr) 

760 

490 

370 

540 

87 

540 

220 

120 

76 

which was Tsmall T o l l 1**1 " T ™ ^ 6 ^ 0 to 2 i n . except sample B8, 
™™V » R8 0 U n d n e a r l y 6 i n" b ^ e a t h the surface! Hence 
sample B8 was actually not a surface sample. ' 
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Table 1-2. Radium, uranium, and thorium concentrations in 
subsurface s o i l on the rectory s i t e 

Hole no. 
shown i n Depth 2 2 6Ra 2 3 8 u 2 3 2Th 
F i 8 s - 1-2 ( f t ) (pCi/g) (pCi/g) (pCi/g) 
and 1-15 

1 Random sample 25 130 1.0 
2 Random sample 64 59 1.1 
3 Random sample 80 87 1.3 
4 Random sample 3.5 4 1 1.4 
5 Random sample 1.4 1 . 2 0.99 
6 Random sample 27 29 1.2 
7 0 -0 .5 270 290 1.7 

0.5-1 0 710 490 NFa 

1.0-1 5 45 170 1.7 
1.5-2 .0 12 1 

1 8 1.3 
2.0-2 5 9.3 11 1.2 
2.5-3 0 1.2 1. 5 1.1 
5.0-3 5 1.3 1. 3 1.4 

8 0 -0 5 63 68 1.6 
0.5-1 0 140 ISO 2.6 
1.0-1 5 34 60 1.2 
1.5-2 0 100 76 2.6 
2.0-2 5 7.6 89 1.1 
2.5-3 0 <1.0 14 NF 
3.0-3 5 1.2 2. 3 0.99 
4.2-4 7 1.1 2. 4 0.74 
4.7-5 2 0.53 0. 7 0.78 
5.2-5 7 0.88 1. 0 0.91 
5. 7-6 3 5.7 5. 2 0.81 
6.3-6 8 1.2 1. 0 0.87 
6.8-7 5 0.91 1. 3 1.5 

9 No sample taken 
10 No sample taken 
11 0 -0 5 2.2 51 0.81 

0.5-1. 0 1.0 14 0.93 
1.0-1. 5 0.78 22 0.98 
1.5-2. 0 0.75 39 0.96 
2,0-2. 5 0.68 27 0.83 

12 0 -0. 5 14 43 1.5 
.0.5-0. 9 1.5 7 1.4 
0.9-1. 3 0.96 4. 2 1.5 
1.3-1. 5 1.3 3 1.8 

13 0 -0. 5 330 280 NF 
0.5-1. 0 110 110 NF 
1.0-1. 5 5,900 6,600 NF 
1.5-2. 0 7,500 5,200 NF 
2.0-2. 3 1,600 1,700 NF 
2.5-2. 5 1,800 1,900 NF 
2.5-2. 7 9,800 15,000 NF 

NF - nuclide not found. 



Table 1-3. E s t a t e s of subsurface - R a contam,nation on the rectory s i t e based on s c i n t i l 
lation probe loggings 

Location 
shown i n 
Figs. 1-2 
and 1-15 

Estimated extent 
of contaminated 

s o i l 
( f t ) 

Pepth of 
maximum 

contamination 
( f t ) 

Maximum reading 
with shielded 
s c i n t i l l a t o r 
(1,000 cpm) 

1 0-4.0 1.5 
2 0-4.0 1.0 
3 0-4.0 1.0 
4 0-1.0 0.5 
5 None 
6 0-3.5 1.5 
7 0-3.8 0.5 
8 0-3.5 1.0 
9 None 

10 None 
11 0-2.5 0 -
12 0-1.0 0 -
13 a 2.S° 

0.5 

75 
80 
36 
2.5 

21 

No logging 
No logging 
No logging 

Estimated 
above-background 
Ra concentration 

at point of maximum 
contamination 

(PCi/g) 

470 
500 
220 
6 

120 
740 a 

120a 

11' 

Estimated average 
above-background 
Ra concentration 

in contaminated 
region 
(PCi/g) 

130 
190 
90 
3 

50 
140u 

38" 

9,800 3,900 

e s t i . j f e T c ^ h 0 l C S a " d S a m " l e are used here (measured concentrations) rather than 

^No 2 2 6Ra contamination found. Soil was contaminated with 2 3 B' 

CHole dug by hand; did not reach uncontaminated s o i l . 

BU, averaging 2b pCi/g, from 0 to 2.5 f t 
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Table 1-4. Radionuclide concentrations in water sampl 
taken indoors and outdoors at the rectory 

Sample 
designation 

Radionuclides in water (pCi/ml) Sample 
designation 2 1 0 p b 2 3 0 T h 2 2 6Ra 2 3 8U 

MVWla 

h 
M).001 <0.001 MD.001 background 

MVCW8 <0.001 0.0002 
MVCW9 <0.001 0.0001 
MVCW10 <0.001 background 

CG c(soluble) w ^ ' 0.1 2 0.03 40 

This water sample was taken from a faucet in the rectory kitchen. 

This water sample was taken from core hole 8 on the rectory lawn. 
Q 
Concentration guide for swater in unrestricted areas, as specified 

in 10 CFR 20. 



Table 1-5. Concentration of radon ( p C i / l i t e r ) in rectory basement 

Time of ... , Time of . 
Lowest , ^ lghest ... «. Average 

Date Room lowest B _ highest & ^ U t l L C measurement _ measurement & . measurement measurement measurement 

6 / 2/78 9 2.8 14:36 11.5 23 :38 7.8 6 / 2/78 
2 2.0 15:37 9.2 11:36 5.5 

6 / 3/78 9 11.6 0:08 23.4 20:41 16.7 6 / 3/78 
2 6 .1 . 4:39 14.0 13:40 9.1 

6 / 4/78 9 19.7 15:13 62.7 12:13 30.9 6 / 4/78 
2 11 . 1 0:41 31.2 12:43 19.7 

6 / 5/78 9 13.9 7:16 33.8 23 :48 19.2 6 / 5/78 
2 11.6 18:47 22.7 23:48 15.5 

6 / 6/78 9 24.1 15:20 73.3 20:51 53.2 6 / 6/78 
2 25.5 4:19 47.9 21:21 34.8 

6 / 7/78 9 4.9 18:24 61.4 5 :52 36.4 6 / 7/78 
2 3.8 18:24 38.6 23:24 23.5 

6 / 8 / 7 8 9 16. 1 4:55 55.9 9:26 38.9 6 / 8 / 7 8 
2 11.7 20:27 37.2 9:56 27.0 

6 / 9/78 9 9.9 11:29 41.8 21:31 27.4 6 / 9/78 
2 4.5 1:58 28.9 0.28 18.9 

6/10/78 9 14.2 17:03 78.3 22:34 33.7 6/10/78 
2 8.4 17:03 32.9 23:34 19. 8 

6/11/78 9 10.4 11:06 92.4 0:34 49.3 6/11/78 
2 2.4, 11:06 42.7, 

WCNT 
20:07 25.4 

6/12/78 9 WCNT WCNT 
42.7, 

WCNT WCNT WCM 

(0:00 t o 2 21.4 8:39 37.7 0:08 28.4 
11:05) 

aSee Fig. 1-7. 

^Wrenn Chamber malfunctioned. 
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Date 

Table 1-6. Concentration of radon ( p C i / l i t e r ) in 
rectory, first level, room 9£ 

Lowest 
measurement 

6/13/78 0 . 1 
start 
10:03 

6/14/78 0 03 

6/15/78 0. 1 

6/16/78 0. 3 
u n t i l 
15:58 

Time of 
lowest 

measurement 

10:35 

5:56 

15:24 

8:57 

Highest 
measurement 

1.3 

1.2 

1.5 

2.5 

Time of 
highest 

measurement 

20:34 

19:07 

0:38 

1:56 

Average 
measurement 

0.5 

0.5 

1.0 

1.2 

See Fig. i-{ 
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Table 1-7. Maximum measured beta-gamma dose rates 
inside the rectory 

Room shown Maximum beta- Location of 
in Figs. 1-7 gamma dose rate maximum 
through 1-10 (mrad/hr) measurement2 

Basement l <0.03 u 
2 <0.03 u 
3 <0.02 u 
4 <0.03 u 
5 <0.03 F 
6 0.03 N 
" 0.06 N 

8 <0.03 • u 
9 <0.02 u 

Street leyel l <0.02 u 
2 <0.02 u 
3 <0.02 u 
4 0.05 N 
5 <0.03 u 
6 . <0.02 u 
7 0.04 N 
8 0.03 F 
9 <0.02 u 

Second level l <0.02 u 
2 <o.02 u 
3 <0.02 u 
4 <0.02 u 
5 <0.02 u 
6 <0.03 u 
7 <0.03 u 
8 <0.03 u 

Third level 1 <0.03 u 
2 <0.03 u 
3 <0.02 u 
4 <0.03 u 
5 <0.02 u 

U - uniform readings; F - floor; N - north wall. 



Table 1-8. Radium-226, 2 3 8U, and 2 3 2Th concentrations in special surface 
s o i l samples at the rectory site 

External gamma level 

Sample 
designation 

2 2 6Ra 2 3 8U 2 3 2 T h at surface sampling Sample 
designation Location (pCi/g) (PCi/g) (PCi/g) point 

(UR/hr) 

SI Bottom of steps at 
south side of 
rectory at iron 
gate leading to 
basement 

5.3 13 0.65 13 

S2 Under steps leading 
to kitchen at rear 
entrance 

2.1 4.0 0.55 22 

S3 Bottom of steps to 
basement at iron 
door at rear of 
rectory 

2.4 12 0.82 54 
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2. RADIOLOGICAL SURVEY OF A PARKING LOT AT THE 
UNION CARBIDE PLANT IN BOUND BROOK, NEW JERSEY 

ABSTRACT 

A radiological survey was conducted of a parking lot at the Union 

Carbide plant in Bound Brook, New Jersey. Elevated gamma radiation 

levels had been observed in this lot during an EG§G aerial survey of a -

large area surrounding the former ore sampling plant in Middlesex, New 

Jersey. The present radiological survey consisted of gamma and beta-

gamma measurements in the parking lot and determination of radionuclide 

concentrations in surface and subsurface soil in the lot. A nearly 

circular region of 50-ft diam in the lot showed above-background external 

gamma radiation levels. Two isolated spots within this region showed 

concentrations of uranium in soil above the licensable level stated in 

10 CFR 40. Soil samples taken in the area of elevated gamma radiation 

levels generally showed nearly equal activities of 2 2 6Ra and 2 3 8U. 

INTRODUCTION 

At the request of the Department of Energy (DOE), a radiological 

survey was conducted of a parking lot at the Union Carbide plant in 

Bound Brook, New Jersey. A scaled drawing of the parking lot is given 

in Fig. 2-1. The l o t , which is covered with gravel and cinders, is well 

removed from dwellings and other occupied structures. 

Elevated gamma radiation levels were discovered above this parking 

lot during an aerial survey by the Washington Aerial Measurements 

Department of EG§G.3 This aerial survey encompassed a large area sur

rounding the former Middlesex Sampling Plant, where pitchblende ores 

were handled in the 1940s. I t should be pointed out that there are no 

available records linking radioactive materials on the Union Carbide 

parking lot with the Middlesex Sampling Plant. 

The radiological survey was conducted by members of the Health and 

Safety Research Division of the Oak Ridge National Laboratory (ORNL) on 

June 12 and 17, 1978. The survey consisted of measurements of the 

following: 
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1. external gamma radiation levels at 1 m above the surface 

throughout the parking l o t , 

2. external gamma radiation levels at the surface in a 50-ft-diam 

circular area showing above-background gamma levels at 1 m, 

3. beta-gamma dose rates at 1 cm in areas of highest gamma 

radiation, 

4. concentrations of 2 2 6Ra, 2 3 8U, and 2 3 2Th i n s o i l in areas 

showing elevated gamma radiation and at randomly selected 

points. 

SURVEY METHODS 

A Nal s c i n t i l l a t i o n meter (see Appendix I ) was used to measure 

external gamma radiation levels at a height of 1 m throughout the 

parking l o t and to locate possibly contaminated areas. In the region 

found to show above-background gamma radiation levels at 1 m, the Nal 

s c i n t i l l a t i o n meter was used to measure gamma levels both at 1 m and at 

the surface. At points showing highest gamma radiation levels, beta-

gamma dose rates at 1 cm above the ground were measured with a Geiger-

Mueller (G-M) survey meter (see Appendix I ) . 

At the two locations showing highest beta-gamma dose rates and at 

one randomly selected location i n the region showing above-background 

external gamma radiation levels at 1 m, a split-spoon sampler with a 

3- i n . diam was used to take s o i l samples at intervals of approximately 

6 i n . from the surface to a depth of 2 f t . The s o i l samples were 

returned to ORNL for analysis of 2 2 6Ra, 2 3 8U, and 2 3 2Th. (Methods of 

analysis are described i n Appendix I I . ) After s o i l samples were col

lected, the core holes were augered to a depth of 8 f t using a motorized 

d r i l l i n g r i g equipped with an 8-in.-diam auger. A plastic pipe with a 

4- i n . i . d . was placed i n each hole, and a s c i n t i l l a t i o n probe encased in 

a lead shield with a narrow opening on the side was lowered inside t h i s 

pipe. This arrangement allowed measurements of gamma radiation intensi

t i e s resulting from contamination within small fractions of the hole 

depth. The gamma-ray "loggings" were used to examine how far beneath 

the surface the radioactive contamination extended. 
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SURVEY RESULTS 

External Gamma Radiation Levels 

Background external gamma radiation levels at 1 m in the Middlesex 

area t y p i c a l l y range from S to 10 yR/hr. On thi s s i t e , a nearly circul, 

area with a diameter of approximately 50 f t showed external gamma 

radiation levels at 1 m ranging from 11 to 110 uR/hr (see Figs. 2-1 and 

2-2). On the remainder of the s i t e , external gamma radiation levels at 

1 m were generally near 9 uR/hr. 

Beta-Gamma Dose Rates 

There were two small areas (locations 1 and 2) shown in Fig. 2-3 

which showed radiation levels s i g n i f i c a n t l y higher than elsewhere on the 

si t e . Beta-gamma dose rates at 1 cm at location 1 exceeded 0.20 mrad/hr 

in an area of nearly 1 m2 and were i n the range 0.50 to 1.0 mrad/hr in 

one spot where s o i l had been removed by Union Carbide (Bound Brook) 

personnel, who had already found the contamination at location 1. Beta-

gamma dose rates at 1 cm from the surface at location 2 were approximately 

0.30 mrad/hf i n an area no greater than 100 cm2. At other randomly 

selected locations in the area showing elevated gamma radiation levels, 

beta-gamma dose rates ranged from 0.02 to 0.05 mrad/hr. Background 

beta-gamma dose rates, as measured with the G-M survey meter used on 

this s i t e , t y p i c a l l y average less than 0.03 mrad/hr. 

Results of Soil Analyses and 
Gamma Loggings of Auger Holes 

Soil samples were taken at the locations shown in Fig. 2-3. Surface 

samples were taken at each of the seven locations shown, and subsurface 

samples were taken at locations 1, 2, and 7. As indicated e a r l i e r , 

locations 1 and 2 were chosen for sampling because of elevated beta-

gamma dose rates at those points; the other locations were chosen at 

random. Concentrations of 2 3 8U, 2 2 6Ra, and 2 3 2Th i n the s o i l samples 

are reported in Table 2-1. Samples MUC1, MUC1A, and MUC1B were taken at 

0 to 3 i n . , 3 to 6 i n . , and 6 to 10 i n . , respectively, i n the area 
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showing highest beta-gamma dose rates. Sample MUC1, which was taken by 

Union Carbide (Bound Brook) personnel prior to the ORNL survey, showed a 
2 2 6Ra concentration of 1,500 pCi/g and a 2 3 8U concentration of 1,600 pCi/g. 

This 2 3 8U concentration corresponds to approximately 0.5% natural 

uranium by weight, which exceeds the licensable level of 0.05% natural 

uranium by weight stated in 10 CFR 40. Samples MUCC1A, MUCC1B, MUCC1C, 

and MUCOID, also listed in Table 2-1 as being taken at location 1, were 

actually taken approximately 18 in. from the points where samples MUC1, 

MUC1A, and MUC1B were taken. I t appears that the contamination level at 

these two adjacent locations are approximately the same as that at 

location 2 (1,500 pCi/g 2 2 6Ra and 3,000 pCi/g 2 3 8U). 

I t should be noted that the sample taken from the surface to 6 in. 

at location 7 (which was chosen at random in the area of elevated gamma 

radiation) showed a 2 2 6Ra concentration of 6.3 pCi/g. Surface samples 

taken at locations 3, 4, 5, and 6 (see Fig. 2-3) showed 2 2 6Ra and 2 3 8U 

concentrations ranging from 1.6 to 2.5 pCi/g. By comparison, concen

trations of 2 2 6Ra and 2 3 8U in background soil in the Middlesex-Bound 

Brook area are typically near 1 pCi/g. However, i t is not unusual for 

some types of background soils to show 2 2 6Ra and 2 3 8U concentrations as 

high as 2.5 pCi/g. Thorium concentrations in a l l samples were in the 

range of normal background. 

The results in Table 2-1, together with gamma measurements made on 

the site, suggest that the soil in the area outlined with dotted lines 

in Fig. 2-3 contains above-background concentrations of 2 2 6Ra and 2 3 8U. 

The soil analyses indicate that the contamination extends from the 

surface to a depth of 6 to 12 i n . , and the gamma loggings of the auger 

holes indicated that there was no deeply buried contamination. I t is 

estimated that there are only a few cubic yards of soil (perhaps only 

two or three) showing 2 2 6Ra and 2 3 8U concentrations more than an order 

of magnitude above the background level. 

SUMMARY AND CONCLUSIONS 

The area enclosed by dotted lines in Fig. 2-3 shows above-background 

radiation levels and at soil sampling locations showed above-background 
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Ra and 2 3°u concentrations. Since the contaminated s o i l showed in 

some cases, nearly equal a c t i v i t i e s of 22*Ra and 2 3°U i t is possible 

that the contaminating material is pitchblende ore from the former 

Middlesex Sampling Plant. However, there are no available records 

Unking the contamination in the Union Carbide parking l o t with the 

plant. 

The highest external gamma radiation level at 1 m on the s i t e was 

n o UR/hr. Concentrations of » < R a were as high as 1,500 pCi/g, and 

U concentrations were as high as 3,000 pCi/g. A 2 3°U concentration 

of 3,000 pci/g corresponds to approximately 1.0% uranium by weight 

which exceeds the licensable level of 0.05% uranium in s o i l stated'in 

10 CFR 40 There may be as few as 2 or 3 yd 3 of s o i l on the s i t e showing 

Ra and u concentrations more than an order of magnitude above the 

background level. However, there are probably at least 30 to 40 yd 3 of 

so i l on the s i t e showing above-background concentrations of 2 2 * R a and 

Beta-gamma dose rates at 1 cm exceeded 0.20 mrad/hr i n an area of 

nearly 1 m . According to Nuclear Regulatory Commission guidelines for 

the release of property for unrestricted use, beta-gamma dose rates 

should not exceed 0.20 mrad/hr when averaged over 1 m2 (see Appendix I I I ) 

An evaluation of the radiation exposures that could result from the 

conditions present at the parking l o t is provided i n Appendix IV This 

evaluation provides a comparison with present standards and gives an 

indication of the level of r i s k associated with the contamination at 

this s i t e . 

Appendix V provides a table of factors for use i n the conversion of 

the units of measurement u t i l i z e d i n t h i s report to the newly adopted 

International System of Units (SI). This table can be consulted when 

comparison of survey data and results i n SI units is required 
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ORNL-DWG 78-21254 

A / g _ gamma leve l a t I m 
gamma leve l a t surface 

16/14 3 3 / 2 6 39/33 

35/22 

110/440 33/17 
43/33 

1 7 / 1 4 , *3/26 
13/13 5 4 / 8 7 5 4 / 5 4 

16/14 
26/33 

22/17 12/12 

12/12 

11/11 

10 FEET 

Fig. 2-2. External gamma radiation levels at 1 m (uR/hr) in 
nearly circular area in parking lot showing above-background 
radiation levels. 



ORNL-DWG 78-21255 

Fig. 2-3. Soil sampling locations in parking l o t . 
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Table 2-1. Radium-226, 2 3 8U, and 2 3 2Th i n s o i l samples from 
the Union Carbide parking l o t 

1 Sample Location shown Depth 2 2 6Ra 2 3 8U 2 3 2Th 
i d e n t i f i c a t i o n in Fig. 2-3 (in.) (pCi/g) (pCi/g) (pCi/g) 

MUC1 1 0 
MUC1A 1 3 
MUC1B 1 6 

MUCC1A l°h 0 
MUCC1B i f 6 
MUCC1C i f 12 
MUCC1D 1 18 

MUC2 2 0 
MUCC2A 2 2 
MUCC2B 2 6 
MUCC2C 2 12 
MUCC2D 2 18 

MUCC3A 3 0 
MUCC3B 3 6 
MUCC3C 3 12 
MUCC3D 3 18 

MUC3 3 0 
MUC4 4 0 
MUC5 5 0 
MUC6 6 0 
MUC7 7 0 
MUC8 Bound Brook 0 

not shown 

3 1,500 1,600 a 
6 240 200 a 
10 17 12 2.8 

6 1,500 3,000 a 
12 13 7 8 2.6 
18 1.3 1 5 1.3 
24 0.86 1 3 1.4 

2 790 1,600 a 
6 6.3 6 4 - 2.4 
12 1.2 1 9 a 
18 1.0 1 3 1.3 
24 1.0 1 4 1.4 

6 7.4 n 
i . 9 a 

12 1.1 1 4 1.4 
18 0.89 1 4 1.4 
24 1.0 1 5 1.5 

2 2.5 2 .4 2.0 
2 1.8 1 .6 1.6 
2 1.8 1 .6 1.8 
2 2.1 2 .1 1.9 
2 1.3 1 .4 1.1 
2 2.0 2 .0 1.3 

Nuclide not found. 

^These core samples were taken approximately 18 in. from the location 
where samples MUC1, MUC1A, and MUC1B were taken. 
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3. RADIOLOGICAL SURVEY OF THE PROPERTY AT 432 WILLIAM STREET 
PISCATAWAY, NEW JERSEY 

ABSTRACT 

A b r i e f radiological survey was made at the residence at 432 William 

Street i n Piscataway, New Jersey. I t had been learned from a previous 

owner of the property that radioactive material from the former Middlesex 

Sampling Plant had been used as f i l l d i r t i n the yard.. The survey 

revealed that the front yard i s generally contaminated from near the 

surface to a depth of 1.5 to 2.5 f t with 2 2 6Ra-bearing material, pos

sibly pitchblende ore. The remainder of the yard shows scattered 

contamination. External gamma radiation levels inside the house are 

above the background level near some outside walls. 

INTRODUCTION 

At the request of the Department of Energy (DOE), a radiological 

survey was conducted at the residence at 432 William Street in Piscataway, 

New Jersey. This site consists of a five-room, wood-frame house, a 

garage, and an 0.2-acre yard (see Fig. 3-1). There is one person (a 

male in his mid-20s) living in the house. A previous owner of this 

property notified the DOE that he (the previous owner) had taken soil 

from the former Middlesex Sampling Plant to use as f i l l dirt in the. yard 

at this residence. Since pitchblende ores had been handled at the 

Middlesex Sampling Plant, i t was decided that a radiological survey was 

appropriate for the William Street property. 

The survey was conducted on June 15-16 by members of the Health and 

Safety Research Division of the Oak Ridge National Laboratory (ORNL). 

The survey consisted of the following on-site measurements: 

1. external gamma measurements at 1 m both indoors and outdoors, 

2. beta-gamma and gamma measurements at 1 cm from surfaces indoors 

and outdoors, 

3. alpha contamination levels indoors, 

4. radionuclide concentrations in surface and subsurface soil 

outdoors and in water found in the crawl space under the 

house. 
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SURVEY METHODS 

The Outdoor Survey 

The outdoor area was divided into rectangular "survey blocks" as 

indicated i n Fig. 3-1. The blocks i n the front yard (along William 

Street) measured approximately 20 f t x 20 f t , and the survey blocks 

beside and behind the house were irregular sizes which were determined 

by natural boundaries such as fences, the house, and a garage. 

Each survey block was scanned with a Nal s c i n t i l l a t i o n meter held 

near the surface for the measurement of gamma radiation levels. (This 

meter is described i n Appendix I.) At that point i n the survey block 

showing the highest external gamma radiation level near the surface, 

measurements of beta-gamma and gamma radiation levels were made at 1 cm 

from the ground with the Geiger-Mueller (G-M) survey meter (see 

Appendix I ) . At 1 m above the same point, the external gamma radiation 

level was measured with a Nal s c i n t i l l a t i o n meter. Next, at the center 

of each survey block, the external gamma radiation level was measured at 

1 m above the ground. These center-point readings were used to estimate 

an average gamma radiation level at 1 m for the entire yard. 

At the outdoor locations shown i n Fig. 3-2, s o i l samples were taken 

(using a posthole digger) at intervals of 6 i n . from the surface to 

depths of up to 2.5 f t . The samples were analyzed for 2 2 6Ra and 2 3 8U by 

the methods described i n Appendix I I . After the samples had been col

lected, the open holes were "logged" by lowering a gamma s c i n t i l l a t i o n 

probe in t o the holes. The probe was encased i n a lead shield with a 

narrow horizontal opening on the side, and measurements of the gamma 

radiation levels were made at intervals of 6 i n . This logging was done 

as a second method of determining the spatial d i s t r i b u t i o n of the sub

surface contamination i n the yard. 

The Indoor Survey 

Inside the house, external gamma radiation levels at 1 m above the 

floor were measured with a Nal s c i n t i l l a t i o n meter at the points shown 

in Fig. 3-1. Furthermore, direct measurements of alpha contamination 
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levels were made at several points on the floors and walls of each room 

with the alpha scintillation meters described in Appendix I . Measure 

ments similar to those made inside the house were made in the crawl 

space under the house. In addition, a sample of water found in the 

crawl space was taken for the determination of radionuclide concentrate 

SURVEY RESULTS 

Results of the Outdoor Survey 

Measurements of gamma and beta-gamma radiation levels and of radio 

nuclide concentrations in soil indicate that the shaded area shown in _ 

Fig. 3-3 is generally contaminated with '-Ra- and "-U-bearing materials 

from near the surface to a depth of 1.5 to 2.5 ft. In addition, there 

is some scattered contamination in the unshaded area of the property 

shown in Fig. 3-3. y 

I t should be pointed out that results reported in this section have 

not been adjusted for background. That i s , background levels have not 

been subtracted from radiation levels or radionuclide concentrations. 

Gamma and Beta-Gamma Radiation Levels 

External gamma radiation levels at 1 m above the ground in the 

centers of the survey blocks are shown in Fig. 3-1. I t i s e s t i m a t e d 

from these center-point measurements that the average external gamma 

radxat.cn level at 1 m is approximately 75 „R/hr in the front yard and 

as approximately 50 UR,„r in the entire yard. By comparison, background 

gamma radiation levels in the Middlesex area typically range from 5 to 

10 yR/hr. 

Maximum measured external gamma radiation levels at 1 m and at the 

surface within survey blocks and beta-gamma dose rates at 1 cm above the 

surface at the maximum gamma points are shown in Fig. 3-4. (The shaded 

circles in Fig. 3-4 indicate the points of highest gamma radiation in 

the individual survey blocks.) External gamma radiation levels were as 

high as 330 yR/hr at 1 m and as high as 2,500 yR/hr at the surface The 

maxxmum measured beta-gamma dose rate at 1 cm from the surface outdoors 
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was 2.5 mrad/hr. The ratios of the closed-window readings to the open-

window readings on the G-M survey meter were generally 0.8 or higher 

indicating that the elevated beta-gamma dose rates were due pri n c i p a l l y 

to gamma radiation. 

Measurement of Radionuclide Concentrations in Soil 

At the six locations shown in Fig. 3-2, s o i l samples were taken at 

intervals of 6 i n . from the surface to a depth of 1.5 to 2 5 f t 

Locations 1 and 6 were biased i n that they were chosen for sampling 

because of elevated gamma radiation levels at those points. The other 

four locations were chosen at random. Radium-226 concentrations in the 

samples are given in Fig. 3-2, and »•„ concentrations are given i n 

Fig. 3-5. Concentrations of 2-R a i n s o i l below 1.4 f t at location 2 

were estimated from the gamma s c i n t i l l a t i o n loggings; the concentrations 

of radionuclides i n the other samples were determined by actual s o i l 

analyses. I t i s evident from the results i n Fig. 3-2 that 2 2 8Ra concen

trations well above the background level (which is t y p i c a l l y near 

1 PCi/g) and ranging up to 4,500 pCi/g are present i n s o i l from the 

surface to depths of at least 2.5 f t in some places. I t i s estimated 

that disposal of a l l s o i l showing higher than 5 pCi/g of 2 2*R a w o u l d 

necessitate the removal of approximately 800 yd 3 of d i r t . 

I t should be noted that a c t i v i t i e s of 2 2 * R a and
 2 3°U are nearly i n 

equilibrium in samples showing highest contamination levels. This near 

equilibrium condition i s to be expected with pitchblende ores. 

Results of the Survey Indoors 

External gamma radiation levels at 1 m above the fl o o r i n the house 

are shown i n Fig. 3-1. Measurements were generally i n the background 

range (5 to 10 yR/hr) except at the front (northeast) wall i n the l i v i n g 

room, where a measurement of 13 yR/hr was recorded, and in a small 

empty room at the back of the house, where a measurement of 17 yR/hr 

was observed. The measurement of 13 yR/hr i n the front of the house 

could be expected from the elevated gamma levels i n the front yard The 

measurement of 17 yR/hr i n the back of the house appears to be the 
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External gamma l e v e l s a t , m m m g ^ a p p r 0 J ( i m a t e l y s f ) ^ 

the enttre yard and approximately 75 MR / h r i„ t h e f r o n t y a r d . B e 

ga^dose rates at 1 em from the ground were as high as 2.5 mrad/hr and 

ceeded 0.20 mrad/hr over large areas (often much greater than 1 ^ 

he front yard. According to Nuclear Regulatory Commission ( N R C ) g u i d e 

::n ;?: r a s e o( property for 

rates at c, from a surface should not exceed 1 mrad/hr over any area 
of 100 cm> and shouid not exceed 0.20 mrad/hr when averaged over , 7 
(see Appendix I I I ) . 

Inside the house, external gamma radiation levels at 1 „ were 

««*»the background range i„ „ o s t areas but were slightly elevated in 

t * . living room near the front wall of the house (13 uR/hr) and in an 

empty room in the back of the house (17 uR/hr,. There is apparently no 

1 7 " °" ^ — "ese elevated ga™ 
en I T " " " i S e * " the house and possibly 
beneat the southeast comer of the house. There was some loose ea y 
removable ..dust" at the base of the northeast concrete wall i„ 

r ;rh :he house shmins ̂  ^ .»„ t 
50 cpm/100 cm* over an area larger than 1 ... According „ N R C 

lines (see Appendix I I I ) direct air,h, guide-
J . 22fi

 }' T " a l p h a measurements on surfaces con
taminated With 226Ra or 230TK r~ 
100 dnm/inr, 2 " ( a m ° " B 0 t h " n U C l i d e s » s»ould not exceed 
100 dpm/100 cm* when averaged over an area of 1 m* 

An evaluation of the radiation exposures that could result from the 

ondt ions present at the William Street property site is provided in 

Appendix IV. This evaluation provides a comparison with present standards 

and g 1 Ves an mdication of the level of risk associated with the con-

tammation at this site. 
the u n T o T " P r 0 V i " e S " " b l e ° f ( a " 0 r S f ° r i n t h e ""version o, 
he units of measurement utilized in this report to the newly adopted 

International System of Units (SI). This table can be consu ted when 

comparison of survey data and results in SI units is required 
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3C 4' M a x i m u m measured external gamma radiation levels at 1 m and at the surface within survey 
blocks and beta-gamma dose rate at 1 cm at maximum gamma points. 

Example of notation: 
87/330 external gamma at 1 m = 87 uR/hr 

external gamma at surface = 330 uR/hr 
0.45 beta-gamma dose rate at 1 cm = 0.45 mrad/hr 
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Table 3-1. Radionuclide concentrations (pCi/ml) in 
water samples taken from crawl space 
beneath house on William Street property 

2 2 6Ra 2 3 8u 2 3 0Th 2 i o p b 

0.002 0.009 0.0036 0.001 
C G 0.03 40 2 0.1 

<2„ 

as s p e e d e d i T X T o . ^ * areas, 
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4. RADIOLOGICAL SURVEY OF THE FLOOR OF WILLOW LAKE 
MIDDLESEX, NEW JERSEY 

ABSTRACT 

Midd/ r a d i „ 0 l 0 g i C a i *""•>' ° f floor of wniow Lake l n 

Middlesex, New Jersey, to determine whether "^-bearing materials f 

the former Middlesex Sampling Plant had drained into this " " * ^ 

Am rose Brook. T„e survey consisted of ( 1 ) measurement of ».„."..„ 

Th rn sampies taken from the lake floor and (2, measurement of ' 

samma radiation levels on the lake floor for comparison with 

measurements made in Ambrose Brook upstream from the former o aZ 

Plant. It was found that '»Ra, = = a n d „2Th „ °" ' " " ^ 
' T h concentrations in SPHI 

ment and gamma radiation levels on the lake floor 
u- u floor were not s i m i f icant-1 v higher than background. ^gnincantly 

INTRODUCTION 

At the request of the Department of Energy (DOE,, a radiological 

survey was made of the floor of WiHow Lake in Middlesex, New J e s 

This lake is fed by Ambrose Brook, which receives drainage water through 

er dratnag pathways from the former Middlesex Sampling Plant ,,. " 

^-LtJTT*1. s u r v e y of Willou Uke "as -
. , . Ra-bearmg materials from the former pitch
blende ore sampling plant had reached the lake and accumulated there 

Willow Uke is approximately 4S7 m long, and i t s width varies from 

few meters to approximately 69 A t t n e t i B e „ f ̂  _ 

here were approximately 1. 8 . 0 f water at the deepest measured point 

Si l t on the lake floor varied from a few centimeters in thickness to 

nearly a meter. At the western end of the lake is an earthen dam with a 

concrete spillway approximately 6 m wide (see Fig. 4-1) 
and , r e , o , a d i 0 l ° g i C a l S U r V e " ° f l 3 k e f l ° ° r " a S C ° " d u c » d •» J - » 
and 16 1978, by members of the Health and Safety Research Division of 

the Oak Ridge National Laboratory (ORNL). The survey consisted of 

(1) collection of samples of sediment from the lake floor for analysis 
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of 2 2 6Ra, ' 3 8U, and 2 3 2Th and (2) measurement of gamma radiation levels 

on the lake floor for comparison with background measurements made in 

.Ambrose Brook upstream from the former ore sampling plant. 

SURVEY METHODS 

Samples of sediment were taken by driving a 5-cm el e c t r i c a l conduit 

through the s i l t and into the shale at the bottom of the lake. After 

the conduit was removed from the lake, the length containing the sediment 

was cut o f f and sealed. The shale.in the lake bottom served as a sealing 

plug in- the bottom of the sample tube. The samples were returned to 

ORNL where they were divided into 15-cm segments. The samples were 

analyzed .for 2 2 6Ra and 2 3 8 u by the methods described i n Appendix I I . 

Gamma radiation at the bottom of the lake was measured using a 

"flounder," which consists of 12 Geiger-Mueller (G-M) tubes in a water

proof l u c i t e container. The G-M tubes are shielded to provide an e s t i 

mate of the gamma radiation that i s nearly independent of photon energy. 

The flounder is lowered by wires to the bottom of the lake, and the 

to t a l counts ( i n this case, 5-min counts) from the G-M tubes are read 

from an attached scaler kept above the water surface. A judgment is 

made concerning potential contamination on the lake bottom by comparison 

with similar readings made at background locations, in t h i s case in 

Ambrose Brook far upstream from the former sampling plant. 

SURVEY RESULTS 

Concentrations of 2 2 6Ra, 2 3 8U, and 2 3 2Th in sediment samples taken 

from the bottom of the lake are reported in Table 4-1; sampling locations 

are indicated in Fig. 4-2. The concentrations of 2 2 6R a,
 2 3 8 u , and 2 3 2Th 

in background soil in the Middlesex area are typically near 1 pCi/g, 

although these concentrations may be 2 pCi/g or higher in some types of 

soil. In the sediment samples taken from the lake floor, the 2 2 6Ra 

concentration ranged from less 6.71 pCi/g to 2.5 pCi/g. It is suggested 

by the results in Table 4-1 that no significant quantities of 2 2 6Ra from 

the former ore sampling plant have reached Willow Lake. This hypothesis 
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is supported by the results of the gamma survey made at the bottom of 

the lake. S t a t i s t i c a l analysis of the data i n Tables 4-1 and 4-2 deter

mined that gamma radiation levels at the points of measurement m Willow 

Lake were not s i g n i f i c a n t l y higher than background levels. ( I t should 

be pointed out that gamma radiation levels can easily vary 50% or more 

over different types of background s o i l . ) 

CONCLUSIONS 

While i t is possible that small quantities of 2 2 6

R a from the former 

ore sampling plant have reached Willow Lake, there apparently has been 

no significant buildup of » 6 R a i n the lake. This conclusion is based 

on measurements of 22*Ra i n sediment from the lake floor and gamma 

radiation levels on the lake f l o o r , neither of which varied beyond 

limi t s which could be expected under background conditions. 

Appendix V provides a table of factors for use i n the conversion of 

the units of measurement u t i l i z e d i n t h i s report to the newly adopted 

International System of Units (SI). This table can be consulted when 

comparison of survey data and results i n SI units is required 
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Table 4 - 1 . 

Location shown 
i n F i g . 4-2 

Concentrat ion o f 2 2 6 R a , 2 3 8 u and 2 3 2 T h r r - i 
sediment samples taken from the f l o o r i n f m { * l Jake 

Depth 
( f t ) 

2 2 6 Ra 2 3 8, 2 32 Th 

1 

5 

6 

9 

10 

11 

0 -0.5 
0 .5-1 .0 
1.0-1.4 

0 -0.5 
0 .5-1 .0 
1.0-1.5 

0 -0.5 
0 .5-1 .0 
1.0-1.6 

0 -0 .5 
0 .5-1 .0 
1.0-1.5 
1.5-2.0 
2 .0-2.4 

0 -0 .5 
0 .5-1 .0 

0 -0.5 
0 .5-1 .0 
1.0-1.4 

0 -0.5 
0.5-1.3 

0 -0.5 
0 .5-1 .0 
1.0-1.5 
1.5-1.9 

0 -0 .5 
0 .5-0 .9 

0 -0 .5 
0 .5-1 .0 
1.0-1.5 

0 -0.5 
0 .5-1 .0 
1.0-1.6 

1.9 
1.6 
0.90 

1.2 
1.0 
0.84 

1.6 
1.2 
1.3 

1.9 
1.7 
1.1 

1.4 
0.6 
0.8 

1.9 
1.6 
1.4 

2.5 
1.8 
1.0 

1.4 
a 

0.84 

1.7 
1.7 
1.2 

2.1 
1.6 
1.3 
1.3 
1.0 

1.4 
1.1 
1.0 
0.90 
0.83 

1.8 
1.6 
1.4 
1.4 
1.4 

2.0 
1.2 

1.4 
1.0 

1.6 
1.5 

1.8 
1.4 
1.3 

1.5 
1.1 
0.95 

1.4 
1.5 
1.4 

0.91 
1.3 

0.99 
a 

1.2 
1.4 

1.9 
1.0 
1.0 
1.1 

1.4 
0.97 
0.78 
1.0 

1.6 
1.3 
1.3 
1.4 

2.3 
0.75 

2.0 
0.70 

1.5 
1.2 

1.2 
0.71 
0.89 

1.1 
0.61 
0.84 

1.1 
0.97 
1.4 

2.4 
1.7 
1.3 

1.8 
1.2 
0.95 

1.7 
1.5 
1.5 

No data obtained. 
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Table 4-2. Gamma radiation measurements made on 
Willow Lake fl o o r compared with 
background measurements 

Background measurements Counts per minute 

Background location 1 g 2 6 

Background location 2 8 1 5 

Background location 3 0--, 

Traverse line A (Fig. 4-2) • 

Distance from north bank ( f t ) 

5 
25 
50 
75 
100 
125 
150 
175 
200 
223 

744 
824 
863 
833 
908 
842 
835 
837 
880 

1,033 

Traverse line C (Fig. 4-2) 

Distance from north bank 

2 
25 
50 
75 
100 
125 
150 
168 

1,058 
916 
925 
877 
902 
880 
908 

1,053 
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APPENDIX I 

DESCRIPTION OF RADIATION SURVEY METERS, WRENN CHAMBERS 

AND TECHNIQUE FOR THE MEASUREMENT OF 

RADON DAUGHTER CONCENTRATIONS 



RADIATION SURVEY METERS 

Beta-Gamma Survey Meter 

A portable Geiger-Mueller (G-M) survev meter i = ,K 

* * ~ - rad.oactivity. M I V " " " 

™ » « i t - e h . v l n , . 3 0 g / ^ ; : k ; a h — -
presenting a cross-sectional area o f approx mate! Z 7 
tube is sensitive to both beta a„H ' " t h e G" 

uucn Deta and gamma raHiat^n 
- e n in both an ope„-„i„do„ a n d . J , , . ̂ ' ^ ^ ' " T ^ "« 
radiation cannot penetrate the closed window, and thus the ' 
can be determined bv takino the Hiff r e a d i " 8 

window readings T,is 7 """"" ^ ™ «='•»•«"-"ings. ,his meter l s shown in Fig. i. A. 
The G-M survev meters were mink-.,- j L 

::::er:::i::::tir:r":n: - b;.r - —- -
u n K a m equilibrium with 2 3 8 M J 

per .R/hr fo r surfaces contaminated wnh i n i u l , " u ^ 
closed-window (gamma) ca l ibra t ion factor 7 7 " l " ' a ' , 1 U " U ^ 
standard " » R a source was 3 ™ d e t e ™ e d by use of an ,\'BS 

' w a s ->>-00 cpm per mR/hr. 

Gamma Scintillation Survev Meter 

A portable survey meter usin? a NaT c~-

measure .w-level ga.a ^ ^ 7 7 ^ 7 7 7 7 " " 
a » * 3.8-cm N a I crystal coupled to a photomuUi 1 ' I " " " 

Probe is connected to a Victoreen Model Thyac „! ratemeter Jsee 
!' C )' T h l s u n i t " capable of measuring radiation , , „ 

few uR/hr to several hundred pR/hr This r a d l a t l ° " ^ * from a 

ORNL with an NBS standard " ^ L 'T T " " ' " " ^ " 

of the order of 300 cpm per u R ^ ^ '» 



TECHNIQUES FOR THE MEASUREMENT OF RADON AND RADON DAUGHTERS IN AIR 

Continuous Radon Monitor 

Concentrations of radon are measured using a detector developed bv 
Wrenn et a l . " T h i s d e t e c t o r o p e r a t e s Q n ^ ^ ^ ^ -

the RaA 1 0ns are positively charged. Radon is allowed to diffuse through 

a foam-rubber-covered, hemisphencally-shaped metal screen, which f i l t e r s 

radon daughters. As radon i n the chamber decays, after diffusing into 

the cavity, RaA ions are attracted to a th i n aluminized mvlar f i i m w h i c h 

is stretched over a zinc sulfide s c i n t i l l a t i o n detector. The potential 

between this aluminized mylar f i l m and the hemisphericallv-shaped wire 

screen creates a strong e l e c t r i c f i e l d which serves to attract the 

charged ions. The ions thus attracted remain on the surface of the 

mylar f i l m and continue t h e i r radioactive decay to other radon daughters 

The principal radiation detected by a radon monitor of this tvpe is the ' 

alpha particles from RaA and RaC. Alpha pulses are counted and inte

grated for a fixed period of time, usually 30 min. At the end of each 

timed counting period, the t o t a l count for each channel is printed 

automatically, and the system is reset and counting before the next 

period is i n i t i a t e d . 

The radon monitor in use by ORNL is similar to that developed by 

Wrenn. However, the s c i n t i l l a t i o n detector is larger (2 in . m diam) 

and a provision has been made to u t i l i z e an alpha source m order to ' 

standardize the chamber before putting i t into service (see Fig I - D ) 

The alpha standard i s inserted through a hole i n the top of the chamber 

and rests in a fixed and repeatable position. During use of the monitor 

the source access hole is plugged with a rubber stopper. An overall ' 

view of the ORNL radon monitor is shown i n Fig. I - E . 

Radon Progeny Monitor _ 

An alpha spectrometry technique has been refined by K e r r 1 ' 2 ' 1 " 3 

for the measurement of 2 2 2Rn p r o g e n y concentrations i n a i r . From one 

integral count of the 2 " P o alpha a c t i v i t y and two integral counts of 

the Po alpha a c t i v i t y , the concentrations in a i r of 2 " ? 0 , 2 1 * B i , and 

P̂b may be calculated. 



Particulate 2 2 2Rn daughters attached to airborne dust are collected 

on a membrane f i l t e r with a pore size of 0.4 microns. A sampling time 

ot 5 min and a flow rate of 12 liters/min are used. This f i l t e r sample 

is then placed under a s i l i c o n surface barrier detector and counted 

The detector and counting system used for radon daughter measurements' 

are shown in Fig. I-F. Usually, counting of th i s kind is performed with 

a vacuum between the sample and the detector which requires a complicated 

sample holder and time-consuming sample-changing methods. Experiments 

at t h i s laboratory have shown that ease in sample handling i s obtained 

w i t i y x t t l e loss i n resolution when helium i s used as a chamber f i l l 

gas. . m t h i s c o u n t e r ) h e l i u m . s f l o w e d b e t w e e n d . o d e ^ d ^ 

n i t e r sample, which are separated by a distance of 0.5 cm. One integral 

count of the 2 - P o alpha a c t i v i t y is obtained from 2 to 12 mm, and two 

integral counts of the 2 - P o a c t i v i t y are obtained from 2 to 12 min and 

to 30 mm, respectively. A l l counting intervals are referenced to 
t - 0 at the end of sampling. 

The equations describing the 2 2 2Rn progeny atoms collection rates 
on the f i l t e r are of the form 

dn.(t) 

where 

n . - number of the i t h species of atom on the f i l t e r as a function 
of time, 

K : = radioactive decay constant of the i t h species (min" 1), 

C i = concentration of the i t h species (atoms l i t e r s " 1 ) , 

v = a i r sampling flow rate ( l i t e r s m i n - 1 ) . 

From the general form of Eq. 1, specific equations can be obtained 

describing the number of each 2 2 2Rn decay product collected on the 

f i l t e r as a function of time. Also, by l e t t i n g v = 0 i n Eq. 1, a set of 

equations describing the decay on the f i l t e r of each 2 2 2Rn progeny can 

be obtained. The equations describing the decay of 2 2 2Rn progeny on the 

f i l t e r can be integrated and related to the integral counts obtained 

experimentally. Values for the t o t a l a c t i v i t i e s of 2 1 8P 0,
 2 1*Pb, and 

2 1 " B i on the f i l t e r at the end of sampling are obtained. The airborne 



concentrations are obtained by-solving the equations describing the atom 

collection rates on the f i l t e r . A computer program has been written to 

perform these matrix operations, to calculate the a i r concentrations of 

the radon progeny, and to estimate the accuracy of the calculated 

concentrations. 
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Fig. I-A. Geiger-Mueller survey meter. 
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ORNL-Photo 0686-78 
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Counting system for radon daughter measurements. 
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METHODS USED TO ANALYZE SAMPLES 



SOIL SAMPLE ANALYSIS 

Samples of soil collected on the s i , 

-* -turned to ORNL where thev were d I 

m e r i t e d to a particle site no r ateT " " ^ « • - n 

^ x t , aliouots from each sample w r e ra \ ^ " " ^ ("« - M 
P«ri dishes, „ei g n e d, J ™ - e d to plastic bottles or 

^tect o r and a multich „1 2 ; " ^ ^ " — 
this way are a„alyZed b y c o m p u t e r " ™ e spectra „ b t a i n e d ^ 

C e ( L i ) « . soil-countin 6 ^ * d e S C " P t i ° n ° f "» 
A holder for twelve 30 cm* » Siven below. 

- aquld sci„ti;; L
P; i:;h'Tne botues <s— -

een designed for use With . s o l " ' ^ ' ^ e l d have 
II-A and I I -B) . D u r i „ „ ' ( U ) ""ector system (see 

^ » — „ J o f r s a m T l T b Z l l ^ - is 
U r f a " ° f "» ^ " o r , parallel to ^ 

«• ^ d i t i o n a l bottles across the end " " " " S b ° U t « • 

to and symmetric with i ^ ° f «""««. Perpen-
8 r a d 6 d Shi«» ^veloped for use w ^ he " ^ > 
— « « 1 p C i / g o f o r „

 t h «>• system, l t i s p 0 s s i b l e „ 
P"'-s are sorted b y . "\" l t h » of i l 0 % o r , e > 

»7°»—tic tape,1./:; : : ; ; y

M a i ^ < ~ ^ , 
; h l C h " " « ' " " ' i v , ieast-s^uares t ho d " ^ * - » « ~ 
-responding t 0 t „ o s e < " - h o . to i d e „ t i f y radionuclides 

7 " ' " M C h i s - « s s i b l e through e n o " ^ ^ ™« P » -

° f " ' ^ - o p e s wMch contains appro" ; T ^ * ' " * 

! ~ » » - »«ch runs continuous „„ ; ^ ^ » " 

'» ^en t i fy ing and quantifying I B M " 3 6 0 s ^ « m at ORNL. 

- l y t e d . Most of these are f r„„ » l t ' " » » . are 

A measurement of the 2 3 a u 
b " »«?«"» S o r p t i o n t e c h n i q u e s ° n " n t r a t i 0 n * " « " • « • ohtained 
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WATER AND SEDIMENT ANALYSIS 

Water and sediment samples c n l i ^ . ^ 
analyzed by t h e " ! . °" M d the site were 
- n d - o T h l y t i c a l Chemistry Division of ORNL for 2 l 0Pb aasR 

in using techniques descrih^ • . ' Ra, 
Manual TW •es a e s c r l b e d "> Appendices to the ORNI u 
Manual, The samples were analyzed for >»u usin " 
techniques. T n e a c t l v i t y " »»»« neutron absorption 

sediment samples represents onlv that oe "dl"M11«« " th. water 

—en SO and 1004) available bytt ^ 





ORNL-Photo 2171 

1* 

Fig. II-B. Ge(Li) detector system. 
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GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT PRIOR 

TO RELEASE FOR UNRESTRICTED USE OR TERMINATION OF LICENSES FOR 

BY-PRODUCT, SOURCE, OR SPECIAL NUCLEAR MATERIAL 

U.S. Nuclear Regulatory Commission 
Division of Fuel Cycle and Material Safety 

Washington, D.C. 20555 

November 1976 
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The instructions i n this guide i n conjunction with Table I I I - l specify 

the r adioactivity and radiation exposure rate l i m i t s which should be 

used in accomplishing the decontamination and survey of surfaces or 

premises and equipment prior to abandonment or release for unrestricted 

use. The l i m i t s in Table I I I - l do not apply to premises, equipment, or 

scrap containing induced radioactivity for which the radiological con

siderations pertinent to the i r use may be d i f f e r e n t . The release of 

such f a c i l i t i e s or items from regulatory control w i l l be considered on a 

case-by-case basis. 

1. The licensee shall make a reasonable e f f o r t to eliminate residual 

contamination. 

2. Radioactivity on equipment or surfaces shall not be covered by 

paint, plating, or other covering material unless contamination 

levels, as determined by a survey and documented, are below the 

li m i t s specified in Table I I I - l p r ior to applying the covering. A 

reasonable e f f o r t must be made to minimize the contamination prior 

to use of any covering. 

3. The radioactivity on the interior surfaces of pipes, drain lines, 

or ductwork shall be determined by making measurements at a l l 

traps, and other appropriate access points, provided that contamina

tion at these locations is likely to be representative of contamina

tion on the interior of the pipes, drain lines, or ductwork. 

Surfaces of premises, equipment, or scrap which are likely to be 

contaminated but are of such size, construction, or location as to 

make the surface inaccessible for purposes of measurement shall be 

presumed to be contaminated in excess of the limits. 

4. Upon request, the Commission may authorize a licensee to relinquish 

possession or control of premises, equipment, or scrap having 

surfaces contaminated with material in excess of the limits specified. 

This may include, but would not be limited to, special circumstances 

such as razing of buildings, transfer or premises to another organi

zation continuing work with radioactive materials, or conversion of 

fa c i l i t i e s to a long-term storage or standby status. Such request 

must: 
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a. Provide detailed, specific information describing the premises, 

equipment or scrap, radioactive contaminants, and the nature, 

extent, and degree of residual surface contamination. 

b. Provide a detailed health and safety analysis which reflects 

that the residual amounts of material on surface areas, 

together with other considerations such as prospective use of 

the premises, equipment or scrap, are unlikely to result i n an 

unreasonable r i s k to the health and safety of the public. 

5. Prior to release of premises for unrestricted use, the licensee 

shall make a comprehensive radiation survey which establishes that 

contamination i s within the l i m i t s specified i n Table I I I - l . A copy 

of the survey report shall be f i l e d with the Division of Fuel Cycle 

and Material Safety, USNRC, Washington, D.C. 20555, and also with 

the Director of the Regional Office of the Office of Inspection and 

Enforcement, USNRC, having j u r i s d i c t i o n . The report should be 

f i l e d at least 30 days prior to the planned date of abandonment. 

The survey report s h a l l : 

a. Identify the premises. 

b. Show that reasonable e f f o r t has been made to eliminate residual 

contamination. 

c. Describe the scope of the survey and general procedures 

followed. 

d. State the findings of the survey in units specified in the 

instruction. 

Following review of the report, the NRC w i l l consider v i s i t i n g the 

f a c i l i t i e s to confirm the survey. 



Tabic- 11 I - 1 - Acceptable surface contamination levels 

Nuclides Average "ET57T Maximum Removable 

5,000 dpm a/100 cm2 

100 dpm/100 cm2 

1,000 dpm/100 cm2 

5,000 dpm BY/100 cm2 

15,000 dpm a/100 cm2 

300 dpm/100 cm2 

3,000 dpm/100 cm2 

15,000 dpm 87/100 cm2 

1,000 dpm a/100 cm2 

20 dpm/100 cm2 

200 dpm/100 cm2 

1 ,000 dpm B7/100 cm2 

U-nat, U-23S. U-238, and 
associated decay products 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 
Ac-227, 1-125, 1-129 

Th-nat, Th-232, Sr-90 
Ra-223, Ra-224, U-232, 1-126, 
1-131, 1-133 

Beta-gamma emitters (nuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except Sr-90 and 
other noted above. ^ 

„„d b.t.-«—-~ltti»« n u c l i d e should apply ,n«=p«nd,„<ly. r , J l m c „ . c . . . t . r l . l >» 

area, the average should be derived for each such object. 

<*The maximum contamination level applies to an area of not more than 100 cm t h a t a r e a H l t h 

«The amount of removable radioactive material per 100 cm of surface area s h o u l d ^ determ.ne^l ^ p ^ g ^ ^ 

dry f i l t e r or soft absorbent paper ^ ^ ' " f ^ " 3 1 ^ ^ emoiable contamination on objects of less surface area is 
with an Wr«pri.te i n , t n - e n t of known e fx ten v. ™ ^ ^ ^ ^ b e w l p e d . 
determined, the pertinent levels should be reduc a , , resultine from beta-gamma emitters 

^he average and maximum radiation levels associated with sur ace^on » - . - » » / S ^ B h « n o t m o r c t h a n 7 mi.Hgrams 
should not exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respects 
per square centimeter of t o t a l absorber. 
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Excerpts from 

Proposed 

ANSI N328-197 

Proposed American National Standard 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and F a c i l i t i e s to be 

Released for Uncontrolled Use 

Secretariat 

Health Physics Society 
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Property shall not be released for uncontrolled use unless docu

mented measurements show the t o t a l and removable contamination levels to 

be no greater than the values i n Table I I I - 2 or Table 111-3. (Table I I I - 3 

is easier to apply when the contaminants cannot be individually 

identified.) 

Where potentially contaminated surfaces are not accessible for 

measurement (as i n some pipes, drains, and ductwork), such property 

shall not be released pursuant to th i s standard, but made the subject of 

case-by-case evaluation. Credit shall not be taken for coatings over 

contamination. 
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Table 111-2. Surface contamination l i m i t s 

The levels may be averaged over the 1 m provided the maximum a c t i v i t y 
in any area of 100 cm2 is less than 3 times the l i m i t value. 

Limit ( a c t i v i t y ) 
Nuclide dpm/100 cm2 

Total Removable 

Group 1: Nuclides for which the nonoccupational 
MPC is 2 x 10" 1 3 Ci/m3 or less or for which the 
nonoccupational MPC is 2 x 10~7 Ci/m3 or less; 
includes Ac-227; Am-241; -242m, -243; Cf-249; 100 20 
-250, -251, -252; Cm-243, -244, -245, -246, -247, 
-248; 1-125, -129; Np-237; Pa-231; Pb-210; Pu-238, , 
-239, -240, -242, -244; Ra-226, -228; Th-228, -238. 

Group 2: Those nuclides^not in Group 1 for which 
the nonoccupational MPC& is 1 x 10 ^i/m 3 or 
less or for which the nonoccupational MPCW i s 1000 200 
1 x 10~6 Ci/m3 or less; includes Es-254; Fm-256; 
1-126, ,-131, -133; Po-210; Ra-223; Sr-90; Th-232; 
U-232. 

Group 3: Those nuclides not i n Group 1 or 5000 1000 
Group 2. 

See note following table on applications of l i m i t s . 

M̂PC : Maximum Permissible Concentration i n Air applicable to 
continuous exposure of members of the public as published by or derived 
from an authoritative source such as NCRP, ICRP, or NRC (10 CFR 20, 
Appendix B, Table 2, Column 1). 

MPC : Maximum Permissible Concentration i n Water applicable to 
members of the public. 

Values presented here are obtained from 10 CFR Part 20. The most 
limiting of a l l given MPC values (e.g., soluble vs. insoluble) are to be 
used, in the event of the occurrence of a mixture of radionuclides, 
the fraction contributed by each constituent of i t s own l i m i t shall be 
determined and the sum of the fractions must be less than one. 
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(.All alpha emitters .xwnt n 
The levels may be aveS g eToveTl 5 *

 T h " n a t a r e ""sidered a s a e r o i , 
- area of 100 cm2

 i s f ^ V t i . i T T i t ? ^ ! 1 ^ - i ^ 0 

Limit value. 

Nuclide Limit (activity) 
dpm/100 rm2 

5000 IOOO 

I f the contaminant cannot h. -A ^ y a b l e 
i f alpha emitters other than °* 
are present; or i f thTh!? " a n d ^ - " - t 

Ac-227, Ra-226, Ra-228 W T ^ T C ° m p r i s e 1 0 0 20 
°' 1-125, and 1-129. 

1 1 i t is known that a i i oi u 

i^y, Ka-226, and Ra-228. ' 

Senerajea""^ g £ J 1 * " ' - } « . , , are 
the beta « a n d T h - " « ; and 

- a c t ^ t V " a P P l i " " ™ - ™ » « and Z „ . 3 to isolated spots 

a. From measurements of a r» f : 

x. determined that l / n fiS^TSS'S^VS'T ?' ° f S f C t i ° n s ' " 
from measurement of section"i ; or d e t e ™ i n ^ 
b- On surfaces less than I m2 
where A is the area or the s u ^ c e ^ ^ r t ' Vn ^ , AL, 
c - I t is determined that th* • ' 
Pa-icies in any area l e t S T J S ™ * ^ « 



APPENDIX IV 

EVALUATION OF RADIATION EXPOSURES AT THE FORMER MIDDLESEX 

SAMPLING PLANT AND ASSOCIATED PROPERTIES, 

MIDDLESEX, NEW JERSEY 
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BURGEON GENERAL'S mm 
Grand • P ' S

l 2 ^ 0 E L m s 
u n c t ^on Remediaj A c r . 

" • J Purpose 

f"J The regular, 
M " a t i ° n b y E f i [ ) A t f t " n S " Par. establ- h 

action t 0 ° f

I

t h e » - for, p r i o r i t ;
a

o

b ! 1 S l ' « • criteria f o r d 

G " " d A c t i o n ell " U of " ; " ^ 

ft) T"* regular """^""-related " " " ^ » « 1 tai, • 
9 2 " 3 " f « Stat. " ; 1 0 " S t M s are ' ^ r ^ ' ^ 

• 2 Scope 

The regulation« • 
G/aM J - « o „ , Colo to a „ 
" a v e ^ e „ u s e d a ° - ' u"der „r a d , a U structures i„ t l l 

J 9 7 2 > w c l u s i v e . " " " " " l between , U " s s 

c c n January 7 ,~ 
U e f i n i t i 0 n s 

A s u s e d in this n 
"-'»J.S part • 

C a J "Administr^ ' 

- °- io P m e n t ;;:7;;" - » « * . *d« n i s t r a t o 

„ ( c j "'ackground.. m

 1 0 " ' C ° ' ° - . " Wans „ " t e n t a t i v e 
^ - t i v e . a t e r i a T l r " 5 * " ^ Colo. " 

° r d"ly a u t h „ r l 2 e d

 t h e E"*rgv R e s

 t a ""> 8 s . 
(e) „ . " r e Presentat i v e ,„ " M d D e v e l o p n e n t . . 

the c„ """"""""-relate,, ""'"'""tration 
construction of . „ ""terra," 

* structure. — » -v materia! u s e d ^ 
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( f ) "External gamma radiation l e v e l " means the average gamma 

radiation exposure rate for the habitable area of a structure as measured 

near fl o o r level. 

(g) "Indoor radon daughter concentration l e v e l " means that con

centration of radon daughters determined by: (1) averaging the results 

of 6 a i r samples, each of at least 100 hours duration, and taken at a 

minimum of 4-week intervals throughout the year i n a habitable area of a 

structure, or (2) u t i l i z i n g some other procedure approved by the 

Commission. 

(h) "MilliRoentgen" (mR) means a unit equal to one-thousandth 

(1/1000) of a Roentgen which Roentgen i s defined as an exposure dose of 

X or gamma radiation such that the associated corpuscular emission per 

0.001293 gram of a i r produces, in a i r , ions carrying one electrostatic 

unit of quantity of e l e c t r i c i t y of either sign. 

( i ) "Radiation" means the electromagnetic energy (gamma) and the 

particulate radiation (alpha and beta) which emanate from the radio

active decay of radium and i t s daughter products. 

( j ) "Radon daughters" means the consecutive decay products of • 

radon-222. Generally these include Radium A (polonium-218), Radium B 

(lead-218), Radium C (bismuth-214), and Radium C (polonium-214). 

(k) "Remedial action" means any action taken with a reasonable 

expectation of reducing the radiation exposure resulting from uranium 

m i l l t a i l i n g s which have been used as construction-related material in 

and around structures i n the area of Grand Junction, Colo. 

(1) "Surgeon General's guidelines" means radiation guidelines 

related to uranium m i l l t a i l i n g s prepared and released by the Office of 

the U.S. Surgeon General, Department of Health, Education and Welfare on 

July 27, 1970. 

(m) "Uranium m i l l t a i l i n g s " means t a i l i n g s from a uranium m i l l 

operation involved i n the federal uranium procurement program. 

(n) "Working Level" (WL) means any combination of short-lived 

radon daughter products i n 1 l i t e r of a i r that w i l l result i n the 

ultimate emission of 1.3 x 10 5 MeV of potential alpha energy. 
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7 12.4 Interpretations 

Except as spec i f i c a l l y authorized by the AHm' • 

no interpretation of the meaning of the L L I a t " 

off i c e r or employee of ERDA other than g U l a t l ° n S l n t h i s ^ by an 

General Counsel w i l l be r e c o ^ z e d t V 7 ^ ^ ^ " ^ «>y the 
recognized to be binding upon ERDA. 

712.5 Communications 

Except where otherwise specified i n th i s part a l l 

concerning the regulations i n this part sho. , / c o — i c a t i o n s 

Director, Division of Safetv st 7 7 a d d r e S S 6 d t 0 t h e 

s e a r c h and ^ 0 ^ Z r ^ - — n e e , , S . E n e r g y 

n i s t r a t i o n , Washington, D.C. 20545. 

« e s r e c o M e n d t i e ^ ^ T L l * U T e d * " ~ « " f 
action in t . „ ot external ^ ^ ^ J — 1 

daughter concentration level fRnn K 3 ^ l n d ° 0 r r a d°n 

— on or „ i t h J : : : ; : ; - : ; : : - ^ f ° m d « * * — 

Greater than 0.1 
mR/hr 

From 0.05 to 0.1 
mR/hr 

Less than 0.05 
mR/hr 

712.7 

Greater than 
0.05 WL 

From 0.01 to 
0.05 WL 

Less than 0.01 
WL 

Recommendation 

Remedial action indicated 

Remedial action may be 
suggested 

No remedial action 
indicated 

C t i t e - * » - t e - n a t i o n or possible „eed t o t r . e o i a l action 

structure's e l i g i b i l i t v fo n o t i f i e d of that 

- tot r ^ ^ Z V ^ Z T ^ " — -
ascertain the most appropriate remedial 
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measure, i f any. A determination of possible need w i l l be made i f as a 

result of the presence of uranium m i l l t a i l i n g s under or adjacent to the 

structure, one of the following c r i t e r i a i s met: 

(a) Where ERDA approved data on indoor radon daughter concentration 

levels are available: 

(1) For dwellings and schoolrooms: An indoor radon daughter 

concentration level of 0.01 WL or greater above background. 

(2) For other structures: An indoor radon daughter concentration 

level of 0.03 WL or greater above background. 

(b) Where ERDA approved data on indoor radon daughter concentration 

levels are not available: 

(1) For dwellings and schoolrooms: 

( i ) An external gamma radiation level of 0.05 mR/hr or greater 

above background. 

( i i ) An indoor radon daughter concentration level of 0.01 WL or 

greater above background (presumed). 

(A) I t may be presumed that i f the external gamma radiation level 

is equal to or exceeds 0.02 mR/hr above background, the indoor radon 

daughter concentration level equals or exceeds 0.01 WL above background. 

(B) I t should be presumed that i f the external gamma radiation 

level i s less than 0.001 mR/hr above background, the inaoor radon daughter 

concentration level i s less than 0.01 WL above background and no possible 

need f o r remedial action exists. 

(C) I f the external gamma radiation level is equal to or greater 

than 0.001 mR/hr above background but i s less than 0.02 mR/hr above 

background, measurements w i l l be required to ascertain the indoor radon 

daughter concentration level. 

(2) For other structures: 

( i ) An external gamma radiation level of 0.15 mR/hr above back

ground averaged on a room-by-room basis. 

( i i ) No presumptions shall be made on the external gamma radiation 

level/indoor radon daughter concentration level relationship. Decisions 

w i l l be made i n individual cases based upon the results of actual measure

ments . 
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712.8 Determination of possible need for remedial action where 

c r i t e r i a have not been met 

The possible need for remedial action may be determined where the 

c r i t e r i a i n 712.7 have not been met i f various other factors are present. 

Such factors include, but are not necessarily limited t o , size of the 

affected area, d i s t r i b u t i o n of radiation levels in the affected area, 

amount of t a i l i n g s , age of individuals occupying affected area, occupancy 

time, and use of the affected area. 

712.9 Factors to be considered i n determination of order or p r i o r i t y 

for remedial action 

In determining the order or p r i o r i t y for execution of remedial 

action, consideration shall be given, but not necessarily limited to, 

the following factors: 

(a) Classification of structure. Dwellings and schools shall be 
considered f i r s t . 

(b) A v a i l a b i l i t y of data. Those structures for which data on 

indoor radon daughter concentration levels and/or external gamma radi

ation levels are available when the program starts and which meet the 

c r i t e r i a i n 712.7 w i l l be considered f i r s t , 

(c) Order of application.. Insofar as feasible remedial action 

w i l l be taken i n the order which the application i s received. 

(d) Magnitude of radiation level. In general, those structures 

with the highest radiation levels w i l l be given primary consideration. 

(e) Geographical location of structures. A group of structures 

located i n the same immediate geographical v i c i n i t y may be given p r i o r i t y 

consideration p a r t i c u l a r l y where they involve similar remedial e f f o r t s . 

( f ) A v a i l a b i l i t y of^structures. An attempt w i l l be made to schedule 

remedial action during those periods when remedial action can be taken 

with minimum interference. 

(g) Climatic conditions. Climatic conditions or other seasonable 

considerations may affect the scheduling of certain remedial measures. 
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712.10 Selection of appropriate remedial action 

(a) Tailings w i l l be removed from those structures where the 

appropriately averaged external gamma radiation level is equal to or 

greater than 0.05 mR/hr above background in the case of dwellings and 

schools and 0.15 mR/hr above background in the case of other structures. 

(b) Where the criterion in paragraph (a) of this section is not 

met, other remedial action techniques, including but not limited to 

sealants, ventilation, and shielding, may be considered in addition to 

that of tailings removal. ERDA shall select the remedial action tech

nique or combination of techniques, which i t determined to be the most 

appropriate under the circumstances. 
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ENVIRONMENTAL PROTECTION AGENCY 
T i t l e 40, Part 141 

Drinking Water Regulations--Radionuclides 

Interim Primary Drinking Water Regulations 
Promulgation of Regulations on Radionuclides 

Federal Register, Vol. 41, No. 133, pp. 28402-9, Friday, July 9, 1976 

Part 141.15 Federal Register 
Vol. 41, No. 133, p. 28404, Friday, July 9, 1976 

Maximum contamination levels for 2 2 6Ra, 2 2 8Ra, and gross alpha 

particle r a d i o a c t i v i t y . 

(a) Combined 2 2 6Ra and 2 2 8Ra - 5 p C i / l i t e r . 

(b) Gross alpha p a r t i c l e a c t i v i t y (including 2 2 6Ra but excluding 

radon and uranium) - 15 p C i / l i t e r . 



I l l 

The U.S. Department of Energy (DOE) has determined that the former 

Middlesex Sampling Plant (owned by the U.S. Government) in Middlesex, 

New Jersey, and some associated private properties i n the Middlesex area 

are presently contaminated with radioactive residues resulting from 

previous uses of the sampling plant property. These associated properties 

consist of land adjacent to the former sampling plant and three parcels 

remote from the former sampling plant s i t e . This contamination is 

producing radiation exposures to occupants of the former sampling plant 

and the associated properties. These exposures are summarized and 

compared numerically with guidelines and background radiation i n 

Tables IV-1 and IV-2. (The former municipal l a n d f i l l s i t e i s the 

subject of a separate report and has not been included herein.) 

The naturally occurring radionuclides present at the sampling plant 

and associated sites are present i n minute quantities throughout our 

environment. Concentrations of these radionuclides i n normal s o i l s , 

a i r , water, food, etc., are referred to as background concentrations. 

Radiation exposures resulting from t h i s environmental r a d i o a c t i v i t y are 

referred to as background exposures. These background exposures are not 

caused by any human a c t i v i t y and, to a large extent, can be controlled 

only through man's moving to areas with lower background exposures. 

Each and every human receives some background exposures daily. 

The use of radioactive materials for s c i e n t i f i c , i n d u s t r i a l , or 

medical purposes may cause radiation exposures above the background 

level to be received by workers i n the industry and, to a lesser extent, 

by members of the general public. S c i e n t i f i c a l l y based guidelines have 

been developed to place an upper l i m i t on these additional exposures. 

Limits established f o r exposures to the general public are much lower 

than the l i m i t s established for workers i n the nuclear industry. 

In the 1940s and 1950s, the former Middlesex Sampling Plant f a c i l i t y 

functioned as a storage depot and a sampling plant f o r Belgian Congo 

uranium ore. The plant was decommissioned i n the mid-1950s and sampling 

a c t i v i t i e s were moved to other locations. The Atomic Energy Commission 

(AEC) retained control over the s i t e from 1946 to 1968, at which time i t 

was turned over to the General Services Administration and, subsequently, 

to the Department of the Navy. 



Table IV-1. Summary of exposure data at the former Middlesex Sampling Plant, 
Middlesex, New Jersey 

Exposure source 
Background 

levels 
Guideline value 

for general public 
Guideline value for 
radiation workers 

Average levels at 
former Sampling Plant site 

Radon in a i r 

Radon daughters 
in a i r 

Gamma radiation 
from decay 
products of 
radium and 
uranium 
contamination 

Less than one 
. a 

picocune per 
l i t e r of a i r 

Less than 
0.01 working 
l e v e l 0 

8 micro
Roentgens 
per hour i n 
the Middlesex 
area 

Continuous exposure 
to 3 picocuries per 
l i t e r of a i r 

0.01 working level 
for residences and 
school rooms, and 
0.03 working level 
for other structures 

250 microRoentgens 
per hour above natural 
background for 40 
hours per week and 
50 weeks per year 
for an individual 
i n the general public. 
This is equivalent to 
0.5 Roentgen per year 

Exposure for 40 hours 
per week and 50 weeks 
per year to 30 pico
curies per l i t e r of 
air 

0.33 working level 
for uranium miners 
exposed for 40 hours 
per week and 50 weeks 
per year 

2500 microRoentgens 
per hour for 40 hours 
per week and 50 weeks 
per year. This is 
equivalent to 5 
Roentgens per year 

Average daytime concentra
tion ranged from 0.3 to 
13 picocuries per l i t e r 
of a i r 

Average daytime concentra
tion ranged from 0.003 
working level to 0.15 
working level 

Average gamma radiation 
levels one meter above the 
floor or ground ranged from 
8 to 340 microRoentgens per 
hour. Readings of up to 
230 microRoentgens per hour 
were observed in the drainage 
ditch at the south end of the 
site 

aThe picocurie i s a unit which i s defined for expressing the amount of radioactivity present i n a substance. 
fcThe working level i s a unit which is defined for radiation protection purposes for uranium miners. I t 

represents a specific level of energy emitted by the short-lived daughters of radon. 
cThe Roentgen i s a unit which is defined for radiation protection purposes for people exposed to penetrating 

gamma radiation. A microRoentgen i s one millionth of a Roentgen. 



Table 1V-2. Summary of exposure data at property associated with the former Middlesex Sampling Plant, 
Middlesex, New Jersey, area 

Exposure source 
Background 

levels 
Guideline value 

for general publi 
Guideline value for 
radiation workers 

Average levels at 
associated properties 

Radon in air 

Radon daughters 
in a i r 

Gamma radiation 
from decay 
products of 
radium and 
uranium 
contamination 

Less that one 
. a 

picocune per 
l i t e r of a i r 

Less than.0.02 
work igg 
level in 
basements 

8 micro-
Roentgens 
per hour in 
the Middlesex 
area 

Continuous exposure 
to 3 picocuries per 
1iter of air 

.0.01 working level for 
residences and school 
rooms, and 0.0J work
ing level for other 
st ructures 

250 microRoentgens per 
hour above natural 
background for 40 
hours per week and 
50 weeks per year 
for an individual 
in the general public. 
For continuous exposure, 
this is equivalent to 
60 microRoentgens per 
hour. Each of these is 
equivalent to 0.5 
Roentgen per year 

Exposure for 40 hours 
per week and 50 weeks 
per year to 30 pico
curies per l i t e r of 
a i r 

0.33 working level for 
uranium miners exposed 
for 40 hours per week 
and 50 weeks per year 

2500 microRoentgens 
per hour for 40 hours 
per week and 5(J weeks 
per year. This is 
equivalent to 5 
Roentgens per year 

Average concentration in rectory basement 
was 26.11 picocuries per l i t e r . Average 
concentrations in f i r s t floor of rectory 
was 0.9 picocurie per l i t e r . In residences 
on eastern boundary of former Sampling Plant 
site, average was 0.3 picocurie per l i t e r , 
in commercial establishment on western 
boundary, average was 0.55 picocurie per 
l i t e r 

Concentration in rectory basement ranged from 
0.009 working level to 0.43 working level. 
In residences on eastern boundary of former 
Sampling Plant site , average was 0.004 work
ing level; in commercial establishment on 
western boundary, average was 0.014 working 
level 

At rectory, average gamma radiation levels 
one meter above the ground ranged to 217 
microRoentgens per hour; lawn averaged 50 
microRoentgens per hour. Union Carbide 
parking lot ranged to 110 microRoentgens per 
hour and averaged 24 "microRoentgens per 
hour. William Street property ranged to 
350 microRoentgens per hour and averaged 5(1 
microRoentgens per hour over the site. 
Properties along eastern boundary of former 
Sampling Plant ranged to 67 microRoentgens 
per hour with an average of 29 microRoentgens 
per hour; along the southern boundary ranged 
to 235 microRoentgens per hour with an 
average of 37 microRoentgens per hour 

The picocurie is a unit which is defined for expressing the amount of radioactivity present in a substance. 

^The working level is a unit which is defined for radiation protection purposes for uranium miners. I t represents a specific level 
of energy emitted by the short-lived daughters of radon. 

CThe Roentgen is a unit which is defined for radiation protection purposes for people exposed to penetrating gamma radiation. A 
microRoentgen is one-millionth of a Roentgen. 
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Until January 1979, the s i t e was occupied by the U.S. Marine Corps, 

Sixth Motor Transport Battalion. The permanent s t a f f of approximately 

ten marines spent most of t h e i r normal work period (40 hours per week) 

in the administration building, with no marine spending more than a few 

hours per week in the former process building. In addition to the 

regular s t a f f , the site was used on a regular basis as a reserve trai n i n g 

center, resulting i n an occupation of the process building for an-

additional ten hours per month by up to 200 marines. At the present, 

the six buildings on t h i s seven-acre t r a c t are unoccupied. 

During the 1976 investigation of radiological conditions at the 

former sampling plant, i t was discovered that several properties adjacent 

to the s i t e had been contaminated by radioactive materials originating 

from within the s i t e . These materials were probably moved by natural 

wind and rain erosion. The contaminated properties along the eastern 

and southern boundaries are primarily residential and commercial, 

although many are currently undeveloped. 

In 1978, an aerial radiological survey of the Middlesex area was 

conducted i n order to determine whether significant quantities of radium-

contaminated material had been transported to other o f f - s i t e areas in 

the v i c i n i t y of the sampling plant. This aerial survey showed 13 areas 

where radiation levels were higher than those considered normal for this 

part of New Jersey. These areas include the sampling plant and a former 

municipal l a n d f i l l on Mountain Avenue. Eight of these areas can be 

explained by the presence of outcroppings of a reddish-brown shale and 

the use of granite products. (These rocks commonly contain more naturally 

occurring radionuclides than do other rocks found i n New Jersey.) No 

material from the former sampling plant i s present i n these eight areas. 

The remaining three areas found i n the aerial survey are private 

properties which were suspected to contain materials originating from 

the former sampling plant. The f i r s t of these properties is located on 

Harris Avenue and i s the s i t e of the Church of Our Lady of Mount Virgin. 

Structures at t h i s s i t e include the rectory, convent, garage, and both 

the old and new church buildings. I t is believed that s o i l from the 

sampling plant was moved to the s i t e i n about 1947. Available records 

do not indicate whether the s o i l was dumped before or after construction -

of the rectory building. 
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The second si t e consists of a small area i n a private vehicle 

parking l o t at the north end of the Union Carbide Plant i n Bound Brook 

New Jersey. Available records f a i l to indicate any l i n k between the 

contamination at the parking l o t and the sampling plant. 

The t h i r d s i t e is a private residence on William Street in Piscataway 

New Jersey. This 0.2-acre property i s the s i t e of a five-room, wood-

frame house and a garage. One person lives at t h i s address. A previous 

owner of the property n o t i f i e d DOE that he had taken s o i l from the 

former Middlesex Sampling Plant to use as f i l l d i r t i n the yard. 

The contamination present at the former sampling plant s i t e and 

associated properties consists primarily of uranium-238 and radium-226 

Uranium-238 i s believed to have been created when the earth was formed 

I t is s t i l l present today because i t takes a very long time to decay. 

The h a l f - l i f e i s a measure of the time required f o r radioactive decay 

for uranium-238 i t is 4.5 b i l l i o n years. Thus, i f you begin with one' 

curie* of uranium-238, one-half curie w i l l remain after 4.5 b i l l i o n 

years. After 9 b i l l i o n years, this would only be one-fourth curie of 

uranium-238, etc. As the uranium-238 decays, i t changes into another 

substance-thorium-234. Thorium-234 i s called the "daughter" of 

uranium-238. In turn, thorium-234 is the "parent" of protactinium-234. 

Radioactive decay started by uranium-238 continues as shown in Table IV-3 

u n t i l stable lead is formed. The "decay product" l i s t e d i n Table IV-3 is 

the radiation produced as the parent decays. 

There are two principal ways in which people may be exposed to 

radiation at the former sampling plant and associated properties. These 

are inhalation of radionuclides i n a i r and exposure to external gamma 

radiation. Additional exposures may be received i n other ways (e.g., by 

eating foods grown in contaminated gardens). These exposures and t h e i r 

sources w i l l be examined on a case-by-case basis. 

*A curie i s a unit defined for expressing the amount of rad i o a c t i v i t y 
present i n a substance; one curie represents 37 b i l l i o n radioactive 
disintegrations per second. 
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Table IV-3. Uranium-238 decay series 

Parent H a l f - l i f e Decay products Daughter 

uranium-238 4.5 b i l l i o n years alpha thorium-234 

thorium-234 24 days beta, gamma protactinium-234 

protactinium-234 1.2 minutes beta, gamma uranium-234 

uranium-234 250 thousand years alpha thorium-230 

thorium-230 80 thousand years alpha radium-226 

radium-226 1,600 years alpha radon-222 

radon-222 3.8 days alpha polonium-218 

polonium-218a 3 minutes alpha lead-214 

lead-214 a 27 minutes beta, gamma bismuth-214 

bismuth-214a 20 minutes beta, gamma polonium-214 

poIonium-214a 

10,000 s e c o n d 
alpha lead-210 

lead-210 22 years beta bismuth-210 

bismuth-210 5 days beta polonium-210 

polonium-210 140 days alpha lead-206 

lead-206- stable none none 

Short-lived radon daughters. 
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Exposure from the Inhalation of Radionuclides in Air 

As may be seen in Table IV-3, radium-226 changes to radon-222 as a 

result of radioactive decay. Radon-222 i s an inert gas which can seep 

from the ground and enter buildings through f l o o r s , cracks, drains, 

etc., and by the in f l u x of outside a i r . I f not diluted by additional 

pure venti l a t i o n a i r , the concentration can build up i n closed areas of 

buildings. The background concentration of radon inside buildings is 

t y p i c a l l y less than one picocurie per l i t e r of a i r . * Outdoor concen

trations of radon are generally lower than those indoors. 

Radioactive decay of radon i s rapid (days) and gives rise to short

lived daughters as shown in Table IV-3. Background concentrations of 

radon daughters both inside and outside structures are t y p i c a l l y less 
+ 

than 0.01 working level (WL).1 Studies of the health of uranium and 

other hard-rock miners have established that inhalation of large quan

t i t i e s of radon daughters over long periods of time increases an 

individual's r i s k of contracting lung cancer. The present federal guide 

value for uranium mine workers (given by the Environmental Protection 

Agency [EPA]), when translated to the units discussed here, would l i m i t 

mine workers to an exposure of 0.33 WL throughout the normal work period 

of 2,000 hours per year. This guide value i s s i g n i f i c a n t l y lower than 

the exposures received by most of the miners included i n the health 

studies mentioned above. 
Former Sampling Plant Site 

The deposits of radium-bearing residues i n s o i l , storm drain sedi

ments, and on building surfaces are the indirect sources of most of the 

radiation exposure to persons who might occupy t h i s s i t e . 

As indicated in Table IV-1, occupants of t h i s s i t e could be exposed 

to average radon concentrations which are higher (four times higher or 

more) than the level suggested for continuous exposure to the general 

*0ne picocurie is one m i l l i o n - m i l l i o n t h of a curie, previously 
defined. 

^The working level i s a unit which was defined for radiation pro
tection purposes for uranium miners. I t represents a specific level of 
energy emitted by the short-lived daughters of radon. 



118 

population. Guidelines discussed here are those given i n Federal 

Regulation 10 CFR 20.* 

The radon daughter concentrations measured i n many areas of the 

process building at the former sampling plant exceed the guide value of 

0.03 WL given i n Federal Regulation 10 CFR 712.* This value is based on 

a recommendation of the U.S. Surgeon General for exposure to radon 

daughter products i n structures (other than dwellings or schools) b u i l t 

on or with radium-bearing residues from the extraction of uranium from 

ores such as those sampled at t h i s s i t e . Although long-term a i r sampling 

is continuing, results of short-term measurements suggest that any 

persons employed i n the process building could be exposed to radon 

daughter concentrations i n a i r which exceed the guide value i n 10 CFR 712 

by as much as a factor of 5 or more. 

At the present time, residents i n the immediate v i c i n i t y of the 

former sampling plant are subject to a small increase i n exposure to 

radon which emanates from residues on the s i t e and which i s transported 

in the atmosphere to areas o f f the s i t e . The concentration of radon 

decreases quickly with distance away from the former sampling plant. 

For example, at distances of about 200 meters, radon concentrations 

cannot be distinguished from those considered normal for t h i s part of 

New Jersey. 

Associated Properties 

Concentrations of radon measured i n two residences along the eastern 

boundary of the sampling plant s i t e ranged from 0.2 to 0.4 picocurie per 

l i t e r of a i r ; radon daughter concentrations ranged from 0.003 to 0.004 WL. 

In a commercial establishment along the western boundary of the sampling 

plant s i t e , the radon concentration averaged 0.55 picocurie per l i t e r ; 

the radon daughter concentration averaged 0.014 WL. A l l these measurements 

were well below guideline values. However, exposures to radon daughter 

*Title 10, Code of Federal Regulations, Part 20, is a regulatory 
document promulgated by the Nuclear Regulatory Commission and may be 
found in the Federal Register. 

*Title, 10, Code of Rederal Regulations, Part 712, is a document 
promulgated by the Energy Research and Development Administration (now 
Department of Energy) and may be found in the Federal Register. 
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concentrations i n excess of guideline values could occur in residential 

structures which might subsequently be b u i l t over contaminated areas 

east or south of the former sampling plant s i t e . 

Measurements of the concentration of radon i n the rectory of Our 

Lady of Mount Virgin church ranged up to 92.4 picocuries per l i t e r of 

air i n the basement and averaged approximately 26 picocuries per l i t e r . 

Measurements on the f i r s t f l o o r , which was very well ventilated, ranged 

up to 2.5 picocuries per l i t e r . Many of the readings i n the basement 

exceed the guideline value of 3.0 picocuries per l i t e r for exposure of 

the general public as set f o r t h i n 10 CFR 20. The majority of thi s 

radon appears to be emanating through the outside basement walls. This 

indicates that radium-226 bearing material may have been used as b a c k f i l l 

around these walls. Typically, i n structures with basements (such as 

the rectory), the concentrations of radon-222 and i t s daughters are 

higher i n the basements than they are on upper floors. Concentrations 

of radon daughters i n the rectory basement ranged from 0.009 WL to 

0.43 WL. Since these measurements were made during the summer when many 

doors and windows of the rectory were open, i t i s possible that annual 

average exposures to radon daughters i n the rectory basement are greater 

than the guideline values of 10 CFR 712. 

Exposure to External Gamma Radiation 

As may be seen i n Table IV-3, several of the daughters of 

radium-226 and of uranium-238 emit gamma radiation (gamma rays are 

penetrating radiation l i k e X-rays). Hence, contaminated areas of the 

former sampling plant and the associated properties are sources of 

external gamma radiation exposure. Background external gamma radiation 

in the Middlesex area ranged from 5-10 microRoentgens* per hour with an 

average of 8 microRoentgens per hour. A single t y p i c a l chest X-ray 

(according to Department of Health, Education, and Welfare data) might 

yi e l d an exposure of about 27,000 microRoentgens, which i s equivalent to 

3,400 hours of exposure to the average background level i n Middlesex. 

•The Roentgen i s a unit which was defined for radiation protection 
purposes for people exposed to penetrating gamma radiation. A micro-
Roentgen i s one-millionth of a Roentgen. 
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to a given i n d i v i d u a l increase in risk attributable to radiation 

viaual s age at onset of exposure, vari a b i l i t y in i a t 

between exposure and physical evi ence 
personal habits and state of heaith d l S e a S e ) • t h e individual's 

other cancer-causing ag nt a n d the
 ? T 7 " C ° " C U r r e n t ° ~ " 

Because of these variabll , ^ " i d u a l • s family medical history 
tnese variables, large uncertainties would exist 4„ . 

;:::ii;r.:-:;,".'; - ~ 
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e year exposure to penetrating g a » radiation of 500,000 mi 

in risk. Consequently, any action taken to reduce either the rate or 
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institue! 1973, availabu i l l u s T ™ * X t H e N a t i o n a l C a n « r ^iianie trom U.S. Government Printing Office. 
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Remedial Measures 

Guidelines quoted in this summary which have been established for 

occupational exposure of radiation workers are based on the philosophy 

that the benefit to the worker (gainful employment) far outweighs any 

risk associated with occupational radiation exposure. Radiation exposures 

to marines who were stationed at the site were unrelated to their normal 

jobs; no discernable benefits might be attributed to these exposures. 

Consequently, the small risks associated with the exposures appear to be 

unwarranted. The exposures which presently exist, as well as more 

serious potential exposures, could be alleviated by removal of the 

contaminated material or by covering the contaminated area with several 

feet of uncontaminated soil. In the latter case, provisions for mainten

ance of the f i l l would have to be provided. 

Present exposures, and potential exposures due to changes in land 

use, are associated with radium-226 contamination of properties adjacent 

to the former sampling plant site. This contamination appears to have 

been carried to these properties by the runoff of r a i n f a l l . Remedial 

measures could include the removal of contaminated surface soil followed 

by backfill with uncontaminated soil . 

Exposures at both the William Street property and at the rectory 

result from the presence of contaminated soil containing elevated levels 

of radium-226 and uranium-238. At each of these locations, the con

taminated soil appeared to have been used as l a n d f i l l . Remedial measures 

(yet to be determined) could include removal of a l l soil to a depth of 

about three feet, followed by backfill with uncontaminated s o i l . Most 

of the contamination at this church site is confined to the area imme

diately surrounding the rectory building. The rectory is currently 

experiencing elevated levels of radon and i t s short-lived daughters. 

This radioactivity appears to be seeping through the outer basement 

walls. Soil around these walls may need to be removed and replaced with 

uncontaminated so i l . 
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SUMMARY 

In summary, the former sampling plant in Middlesex, New Jersey, is 

contaminated with residues containing naturally occurring radionuclides. 

This contamination would produce radiation exposures to employees working 

at this site. However, the site is currently unoccupied. These exposures 

would approach and, in the case of radon daughters in the former process 

building, would exceed scientifically based guidelines. Future employees 

at the sampling plant site would receive no benefits from any involuntary 

exposures to radiation; the risk of cancer may be elevated somewhat by 

these exposures. 

Individuals residing on properties adjacent to the former sampling 

plant are currently receiving radiation exposures from contamination 

which appears to have been washed onto their property by ra i n f a l l 

runoff. Also contaminated are three other associated properties in the 

Middlesex area: the Church of Coir Lady of Mount Virgin, the parking lot 

at the Union Carbide Plant in Bound Brook, and a residence on William 

Street in Piscataway. This contamination is yielding elevated exposures 

to external gamma radiation. Furthermore, the contamination leads to 

elevated concentrations of radon and i t s daughters in the basement of 

the church rectory; these levels exceed pertinent guidelines. Available 

documentation supports the contention that the contamination at the 

church site and Williams Street residence originated at the sampling 

plant. However, i t is not clear as to the origin of the material at the 

Union Carbide Plant. 

Consequently, remedial measures appear to be called for. The 

Department of Energy has developed a coordinated plan which addresses 

the specific problems at the former Middlesex Sampling Plant and a l l 

associated properties. Currently, work is underway to implement the 

elements of this plan. 
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The fol lowing table has been developed f o r use wi th t h i s report in 
the conversion of units of measurement from those u t i l i z e d i n the t l x t 
to the newly adopted International System of Units (S I ) . Units used in 

u n l r ^ e t e f system! ^ * t a b l 6 a r e ™ ^ « ^ 

Table V-l. Standard units of measurement 

To Convert From 

gallons (gal) 

inches (in) 

square inches ( i n 2 ) 

feet ( f t ) 

square feet ( f t 2 ) 

acres (a) 

miles (mi) 

m i l l i r a d (mrad) 

microroentgen (uR) 

disintegrations per 
minute (dpm) 

picocurie (pCi) 

microcurie (uCi) 

Into SI Units 

l i t e r s (1) 

centimeters (cm) 

square centimeters (cm2) 

meters (m) 

square meters (m2) 

hectare (ha) 

kilometer (km) 

microgray (uGy) 

coulomb per kilogram (C/kg) 

becquerel (Bq) 

becquerel (Bq) 

becquerel (Bq) 

Multiply By 

3.785 

2.540 

6.452 

0.3048 

0.0929 

0.4047 

1.61 

10.0 

2.58 x 10" 1 0 

0.02 

0.037 

3.7 x 10** 
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PROJECT SUMMARY 

The Phase I Remedial Action Work on properties associated with the Middlesex 
Sampling Plant Site in Middlesex, New Jersey was completed during 1980. In 
addition to the two properties included in the original scope of work, three 
other properties were decontaminated. In the playground across the street 
from tne Rectory, contaminated soil was discovered and subsequently removed. 
Later, at tne request of the DOE, the Kays ana Rosamilia properties were 
aecontami natea. 

Decontamination of the properties included in Phase I has, in the judgment 
of NLO, been successfully achieved, as evidenced by the data presented in this 
and in tne referenced Eberline Instrument Corporation reports. Final c e r t i f i 
cation of the sites for unrestricted use will be by ASEP/OOS based upon all 
available data, of which this report is a part. 

Work completed at Middlesex, together with the lessons learned during the 
execution of the entire project, is indicative that future decontamination 
assignments can be accomplished with mutual benefits for the DOE, as well 
as tne local citizens. Restoration of the Rectory and the William Street 
property exemplifies the excellence of work performed by the Remedial Action 
Subcontractors and is further evidence of the success of the Phase I work. 

A summary of the Phase I costs are tabulated on the following page. 
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NLO COSTS FOR MIDDLESEX, PHASE I 

1. Reid Construction $ 669,517 

2. Conti Construction 1,349,554 

3. Ford, Bacon & Davis Utah (Eng. Support) 

Subcontract #S-1058-MS 135,664 

Subcontract #S-1079-MS 119,207 

4. Eberline Instrument Corp. (Rad. Support) 

Subcontract #S-1063-MS1 

Invoiced through 1/23/81 419,005 

Additional work pending^ 47,071 

5. NLO D&D Charges3 

FY-1980 447,023 

October, 1980 52,284 

November, 1980 39,887 

TOTAL PHASE I $3,279,212 

Less Kays and Rosamilia (Est . ) (-) 510,640 

TOTAL $2,768,572 

1 Middlesex por t ion only (does not include Ke l lex ) . 

2 Funding approval requested on 2/25/81 for t h i s addi t ional Middlesex work. 

3 Does not include Middlesex s i t e maintenance and Survei l lance. 
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1.0 INTRODUCTION 

1.1 Foreward: 

NLO, Inc. (NLO) has a long record of participation in many branches 
of the nuclear energy industry. NLO is located near Cincinnati, 
Ohio, and is a subsidiary of NL Industries, Inc. Since 1951 NLO has 
operated the Feed Materials Production Center (FMPC) for the 
Department of Energy (DOE) and its predecessors, AEC and ERDA, 
processing uranium and thorium ores and concentrates to useful 
compounds and metal shapes. Much of the ore which passed through 
the Middlesex Sampling Plant was processed at FMPC. 

NLO also administers custodial and control operations of inactive 
DOE sites at Niagara Falls, New York and Weldon Spring, Missouri 
(near St. Louis). In 1979, NLO assumed custody and control of the 
Middlesex site. Through its operations of FMPC and the other sites 
NLO has acquired extensive experience in control of radionuclide 
contamination ana in ttie health-physics aspects of nuclear energy 
operations. It is particularly strong in the handling of radio
nuclides from the uranium/thorium decay chains, which are involved 
in the problems that exist at Middlesex. 

Late in 1979, NLO received the assignment to be Program Management 
Contractor (PMC) from DOE to conduct remedial action work at the 
former Middlesex Sampling Plant site and associated properties. 
Phase I work commenced in 1980 with the construction of a specially 
built impervious asphalt storage pad and drainage system at the 
plant site, followed by decontamination activities at two nearby 
off-site properties, a playground, and two properties adjoining the 
plant site. Phase I I Remedial Action of the remaining properties 
adjoining the plant site will be performed in 1981. Eventually, 
the materials accumulatea under Phase I and Phase I I operations 
will be removed and the entire plant site will be decontaminated 
ana decommissionea under Phase I I I . 
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MIDDLESEX SAMPLING PLANT HISTORY 

2.1 Site Function 

The Middlesex Sampling Plant played a significant role in the 
development of the Atomic Energy Program in the United States. The 
facility was established in 1943, at the request of the Manhattan 
Engineering District (MED) and was operated until 1955. Immediately 
thereafter the duties and responsibilities were completely trans
ferred to the new Sampling Plant at the FMPC. 

The function of the Sampling Plant was to thaw, crush, dry, screen, 
store, sample, weigh and/or ship uranium and thorium ores from both 
foreign and domestic sources. The ores were then packaged and 
shipped to various ore refining facilities within the United States. 
The site was also used as a staging area for residues from the 
processing operations prior to their return to vendors or to other 
federal facilities. Upon completion of the sampling operations in 
1955, all accountable ores and residues were, removed from the site. 
All AEC operations at the site terminated in 1967, with the c e r t i f i l 
cation of tne site for unrestricted use following decontamination 
to standards in existence at the time. 

2.2 Owner History 

At the request of the MED, the North Atlantic Division Engineers 
leased the f i r s t portion of the Sampling Plant property from 
American Marietta Company in 1943. Supplements to the lease 
were issued in 1945 and 1949 to include additional properties. 
Procedures for the U. S. Government to purchase the property were 
initiated in 1946, and the judgment of stipulation filed in June 
1950 made the Sampling Plant the property of the U. S. Government. 
Easement rights for required drainage were obtained following 
the judgment of stipulation. The property was transferred to 
AEC after its formation in 1946. Early in 1968, the AEC officially 
reported the property as excess real property. The General Services 
Administration (GSA) transferred the property to the Department of 
the Navy, U. S. Marine Corps, on January 3, 1969. The Marine Corps 
formerly used the property for their 6th Motor Transport Battalion 
reserve training. Through an agreement established in 1978, DOE 
agreed to be custodian of the site and contracted NLO, Inc. to 
maintain the site. 
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2.3 Site Description 

The Sampling Plant is located in the Borough* of Middlesex, New 
Jersey and is situated on Mountain Avenue just south of the 
Lehigh Valley and New Jersey Central Railroads (now incorporated 
into Conrail) right-of-way. The location of the site is shown in 
Figure 2-1, and at one time was serviced by a siding of the Lehigh 
Valley Railroad. 

The site layout is snown on Figure 2-2, and encompasses 9.61 
acres, eight of wnich were paved to provide a drum storage area. 

2.4 Radiological History and Status 

As a result of sampling plant operations, some portions of the 
adjacent and nearby properties, especially along the south border, 
contain significant amounts of contaminated soil. Two nonadjacent 
private properties also have been identified as having contaminated 
soil from the Middlesex Sampling Plant: 

The Rectory of Our Lady of Mount Virgin Catholic Church at 
650 Harris Avenue, Middlesex, New Jersey - contamination of 
a portion of one corner of the property near the rectory. 

A private residence at 432 William Street, Piscataway, New 
Jersey. 

The locations of these properties in relation to the Sampling 
Plant site are shown in Figure 2-3. 

A small area of contamination in the parking lot of the Union 
Carbide plant in Bound Brook, New Jersey was also reported by 
ORNL,̂  but was not identified as having come from the Middlesex 
Sampling Plant, and was not included in the Middlesex remedial 
action. A small pond, Willow Lake, downstream from the Sampling 
Plant on Ambrose Brook was surveyed by ORNL9 but was not desig
nated for remedial action. 

Prior to transfer of the site to GSA as excess property in 1968, 
the AEC contracted Isotopes, Inc., to decontaminate the site. The 
Health and Nuclear Safety Branch of the AEC performed a follow-up 
survey and additional decontamination was completed on September 2, 
1967. Upon completion of the decontamination,the Oak Ridge Oper
ations Office (0R0) of the AEC certified the site for unrestricted 
use. 

2-2 



Decontamination required sandblasting, vacuuming, detergent and 
acid washing,, concrete chipping, equipment removal, and in cases 
of severe contamination, building member removal. Waste was trans
ported by rail to a licensed burial site at West Valley, New York. 

Oak Ridga National Laboratory (ORNL) resurveyed the plant site and 
other offsite areas subject to contamination due to runoff in the 
spring of 1976. The radiological surveys included measurements 
of residual alpha, beta, and gamma contamination levels; radon 
and radon-daughter concentrations in buildings; external gamma 
radiation levels; and radium concentrations in the soil. 3 

Surface contamination levels on the plant site exceeded the Nuclear 
Regulatory Commission guidelines, and radon concentration levels 
exceeded the nonoccupational maximum permissible concentration 
(10CFR20) in some structures. These results indicated the possible 
need for extensive radon and radon-daughter measurements in struc
tures both onsite and offsite over periods as recommended in 
10CFR712 for structures in Grand Junction, Colorado. 

As a result of an aerial survey conducted by EG&G for the DOE in 
May 1978, and follow-up ground surveys by ORNL, the two non-adjacent 
properties mentioned above were identified as being contaminated 
by material handled at the Sampling Plant and were subsequently 
designated for remedial action. 
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F IGURE 2-1 GENERAL AREA OF SAMPLING PLANT AND VICINITY 
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3.U PROJECT DEVELOPMENT 

3.1 Introducti on 

The Middlesex Remedial Action Program is divided into three phases. 
Phase I consisted of removal of contaminated soil from five loca
tions in the vicinity of the plant site. In addition to the Rectory 
and William Street properties, three Phase I I parcels were added to 
the Phase I program during the implementation phase of the project. 
See Figure 3-1 for the location of the Rosamilia and Kays Proper
ties. 

o The Rectory of Uur Lady of Mount Virgin Church, Borough of 
Middlesex. Contamination extending beneath Drake Avenue on 
Borough property was also removed as part of the Rectory reme
dial action. 

° Private residence at 432 William Street, Township of Piscataway. 
Contamination along the property line between 432 and 430 
William Street was also removed as part of the 432 William 
Street remedial action. 

° The Rectory Church Playground, Borough of Middlesex. (Phase I I 
property added during implementation). 

o Private property on Wood Avenue, adjacent to the Government 
sit e , Borough of Middlesex (Phase I I property added during 
impl einentation). 

° Private property at 312 Mountain Avenue, Borough of Middlesex 
(Phase I I property added during implementation). 

Phase I provided for the construction of a specially built imper
vious asphalt storage pad and drainage system at the plant site, 
followed by the decontamination of the five nearby offsite proper
ties. 

Phase I I Remedial Action will consist of the decontamination of 
the remaining properties adjoining the Plant Site and is scheduled 
to begin in 1981. Eventually, the entire plant site will be decon
taminated and decommissioned under Phase I I I , when a repository for 
the storage of low-level nuclear waste materials has been estab
lished either in New Jersey, or another designated area. 

3.2 Project Initiation 

In November 1979, the NLO Decontamination and Decommissioning 
Division (D&D) began planning for the Phase I activities by compil
ing all available reports published by DOE, ORNL and Ford, Bacon & 
Davis Utah, Inc. (FBDU). A summary of activities was prepared for a 
meeting in Middlesex on December 18, 1979, during which the proposed 
construction activities and timetables for Phase I work were out
lined. 
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K A Y S P R O P E R T 

L O C A T I O N OF THE ROSAMILIA AND K A Y S P R O P E R T I E S 



Engineering evaluations conducted by FBDU indicated that 54,000 to 
77,000 cub ic yards of s o i l and b u i l d i n g m a t e r i a l s (81,000 to 
113,000 tons) may require removal to a more permanent disposal 
locat ion in order to complete a l l three phases of the pro jec t . The 
est imate inc luded s o i l s from the ad jacent and nearby p r i v a t e 
proper t ies, including the Will iam Street and the Rectory s i t es . 

The remedial action was based on removing contaminated so i l to 
the ex ten t necessary to reach a leve l of 5 pCi /g 2 2 6 R 3 > j h e 

Division of Operational and Environmental Safety of the DOE drafted 
remedial act ion c r i t e r i a to be used un t i l such time as appl icable 
federal guidelines are received from the EPA. A summary of the 
c r i t e r i a i s as fo l lows: 

The remedial action c r i t e r i a for radium in so i l is based upon a 
l i m i t of 0.02 WL (Working Level) for radon daughter concentration in 
a s t ructure on the contaminated area. This working level l i m i t has 
been re lated to a radium concentration in the soi l of 5 pCi/g to an 
i n f i n i t e depth. 

Type of Measurement 
Remedial Action Indicated 
I f Radiation Level Exceeds 

Radiurn in soi1s 
Radon daughter concentration 
Transferable alpha 

5 pCi/g 
0.02 WL 
20 dpm/100 cm2 
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3.3 Organization 

The Phase I Remedial Action activities implemented at the Middlesex 
site were administered through the Oak Ridge Operations Office from 
the DOE Office of Nuclear Waste Management under the Formerly 
Utilized Sites Remedial Action Program (FUSRAP). The field manage
ment of the remedial action effort was implemented by NLO, Program 
Management Contractor, and is shown in Figure 3-2. 

3.4 Responsibilities 

NLO was responsible for managing the remedial action construction 
contracts and coordinating the sequence of operations and other 
relationships among contractors. NLO assigned J. W. Boyer, Resident 
Engineer, and N. D. Adair, Project Engineer, to manage the construc
tion operations. Project Management was provided by R. C. Kispert 
and Program Direction by J. H. Cavendish. 

These engineers were responsible for monitoring the daily construc
tion activities and to interpret the specifications and drawings 
to guide the construction subcontractor to perform the job in a 
correct and safe manner. The onsite engineering staff also assisted 
in the preparation of subcontract changes when deviation from 
specifications or the scope of work was required. In addition, the 
engineering staff was instrumental in coordinating the various 
subcontractors with the construction activities. They also acted as 
the DOE representative, to continually inform the public of the 
construction process. 

NLO also provided onsite environmental support for the duration 
of the project. T. A. Poff, Environmental Engineer, and J. A. 
Brown, Radiation Health Physicist, were responsible for guiding the 
radiological subcontractor to its responsibilities, as well as 
scheduling the necessary monitoring and sampling in order to 
accommodate the construction activities. 

Various subcontractors which were utilized by NLO to assist in 
conducting the Phase I program are listed in Figure 3-3, under 
Field Management Team. The functional responsibilities of each 
subcontractor is briefly discussed below: 
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a) Engineering Support 

Ford, Bacon & Davis Utah assistea the f i e l d management team 
in conducting and monitoring the da i ly construct ion a c t i v i t i e s . 

b) Radiological Support 

Eberline Instrument Corporation (EIC) furnished radiological 
support for the Phase I program. EIC was responsible for the 
health physics control of personnel, as well as assist ing in 
mon i to r i ng the decontaminat ion e f f o r t s of the cons t ruc t i on 
subcon t rac to r , sampling the excavat ions and i nspec t i ng a l l 
aspects of the work. 

c) Construction 

Phase I Remedial Action was divided in to two stages. Stage 1 
was the bui ld ing of the storage f a c i l i t y and Stage ? was the 
decontamination of the o f f s i t e proper t ies. The organizations 
contracted for th is work were selected on the basis of competi
t i ve b ids. The fo l lowing companies performed the work: 

Stage 1: J . H. Reid, Co. and Ashland Contractors 
So. P l a i n f i e l d , New Jersey 

Stage 2: Conti Construction Company 
Murray H i l l , New Jersey 

d) Radiological Assistance. 

In addi t ion to EIC, EG&G, managed through DOE-Nevada Operations 
(NVOO), was avai lable to assist NLO in the Phase I decontamina
t ion e f f o r t . EG&G provided the IMP uni t (an i n - s i t u germanium 
de tec to r ) , for monitoring the excavation to insure compliance 
with the established c r i t e r i a , and to provide a qua l i t y control 
cross-check on the f i e l d measurements. 
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Project Description 

Phase I was separated into two stages due to tne time constraints 
curing the in i t i a l planning period. The f i r s t stage of the program 
was the construction of the storage pad. The second stage dealt 
with the remedial action work. 

a) Pad Construction 

A new asphalt pad was to be constructed in the storage area 
and underlaid with non-woven asphaltic material covered with 1.5 
inches of asphalt, rolled to a high degree of compaction to 
achieve the greatest degree of irnperviousness. 

° A 120,0OU square foot asphalt pad was constructed in the 
storage area, as illustrated in Figures 3-4 and '3-4A. 

Due to the poor condition of the old pad pavement, a one inch 
leveling course of bituminous concrete was i n i t i a l l y applied 
to the storage pad area, see Modification #11, Subcontract 
S-1055-MS. Then the 1.5 incn hot mix bituminous concrete top 
course, underlaid with a nonwoven paving grade polypropylene 
fabric, was subsequently installed over the asphalt leveling 
course in compliance with the contracts drawings and specifica
tions (see specification items 1, 2, 3, 11 and 14; pages 11 and 
17 of Addendum A to the contract, and contract i'oaification 2). 
Detail of pad construction is shown in Figure 3-48. 

To provide the greatest degree of impermeability, the top 
course of asphalt was roll compacted to achieve the specified 
95% Marshall density. 

° Site improvements - Pavement of existing grass surfaces 
- Demolition of non-essential structures 
- Sanitary sewer connections 

b) Remedial Action 

The work included the aecontamination of the Rectory and 432 
William Street (See Figures 3-5 and 3-6), and restoration to 
the "as was" condition. Also included in the project was 
the erection of the temporary storage pile and sealing of 
such with an impervious rubber liner. 

In addition to the remedial action at the two Phase I proper
t i e s , the DOE requested the decontamination of three addi
tional properties, herein termed the Rectory Playground, 
Kays (312 Mountain Avenue), and Rosamilia (Wood Avenue) proper
ties (See Figures 3-7 through 3-9). The same cleanup effort was 
performed on these sites and the contaminated materials were 
included in the temporary storage pile. 
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The storage pile was engineered for a life of 20 years and was 
designed to provide: 

o An impervious base for the stored material, 

o An effective control of radon. 

o A means of controlling and monitoring effluents 
from the storage area both during placement and 
after completion of the first two phases of work. 

The pad was designed with shallow and deep test wells to detect 
any leakage of radionuclides through the pad. This work was done 
by Weston through a contract with ORNL, and was completed prior 
to the implementation of Phase I. 

Alternatives to the temporary pad storage of contaminated soil 
were.studied and included: 

o Containerization in 55 gallon drums 

o Containerization in 24 cubic yard dumpsters 

o Below grade bulk storage 

o Elevated bulk storage 

In their Title I engineering study, FBDU had already investigated 
some of the options. Because of the amounts of material at 
hand, the containerization options were not feasible. The idea 
of containerization was pursued by NLO in early January 1980. A 
cost comparison was made to determine the economics involved with 
using 55 gallon drums versus 24 cubic yard containers. The cost 
of both types of container storage modes would be approximately 
equal for storing equivalent volumes of soil ($125 per cubic 
yard). 

Since the cost involved was a standoff and due to the nature 
of the materials to be stored, the containers seemed to be more 
practical. However, with an estimated 5000 c.y. of material, the 
required quantity of units would be 208 assuming complete utili
zation of all space inside the container. In reality, about 
350-400 units would be needed for a cost of $1.2 million. In 
addition, a six-months wait would be required to obtain this 
quantity as well as special equipment to handle. Thus, there 
were no further efforts expended to continue the investigation of 
bulk storage alternatives. 
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Two types of bulk storage p i les were invest iga ted, below and 
above ground. There was a grea-t deal of concern from the public 
r e l a t i o n s s tandpoin t of an above grade p i l e . However, i n 
i n s t a l l i n g a below grade p i l e on the south end of the s i t e 
(area was proposed by FBDU), i t became evident that the p i l e 
would be elevated regardless. Subsurface contamination, common 
in t h i s area, would have to be put in the p i l e ; thus , in e f f e c t , 
there would be l i t t l e addi t ional room fo r the o f f s i t e spo i l s . 

The FBDU recommendation of an e leva ted p i l e was cons idered . 
The s i t e l o c a t i o n f o r the proposed area was a l ready paved; 
therefore, i t provided a good foundation for the i n i t i a l con
s t ruc t ion phase of the pro jec t . I t was proposed that the paved 
area on the south end of the s i t e (approximately 3 acres) be 
u t i l i z e d for the storage area. An impervious asphalt overlay 
would be ins ta l l ed over the ex is t ing pavement and a perimeter 
trench drain system used to contain materials during storage. 
Upon completion of the contained storage area, materials could 
be p i led and once cleanup operations were f i n i shed , covered with 
a rubber 1 iner . 

A 60 mi 1 (1.5 mm) standard nylon r e i n f o r c e d EPDM (Ethylene 
Propylene Diene Monomer) membrane l i ne r was chosen to cover the 
contaminated mater ia ls . NLO has had experience wi th EPDM in Pi t 
5, and newly b u i l t P i t 6 at Fernald. EPDM has good weathering 
charac te r i s t i cs , and can attenuate approximately 98% of radon 
generated by the radium contaminated mater ia ls . 

Various manufacturers were contacted about t h e i r ma te r i a l s 
and Enviroclear (representat ive for Car l i s le Tire and Rubber) 
of fered the expertise and guidance for t h i s type of app l i ca t ion . 
Due to the requ i red manufactur ing p e r i o d , NLO Procurement 
purchased the necessary amount of EPDM. 

3.6 Bid Preparation 

a) Bidder List 

Subcontract packages were sent out to prospective bidders in 
two mailings as follows: 

o Subcontract No. S-1055-MS - Storage Pad Pile 

o Subcontract No. S-1057-MS - Remedial Action Offsite 
Properties 
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A l i s t of prospective bidders was formulated from: New Jersey 
State Highway Department, NL Indust r ies , and NLO compilation of 
minor i ty contractors in the Metropoli tan New York/New Jersey 
area. 

For Subcontract No. S-1055-MS, packages were sent to fourteen 
prospective bidders in addit ion to the Association of General 
Cont rac tors (New Jersey) and F. W. Dodge Co rpo ra t i on . In 
addi t ion to the above, f i ve addi t ional - prospective bidders were 
included on the l i s t for Subcontract S-1057-MS. 

b) bids Received and Award of Subcontracts 

The fol lowing bids were received for Subcontract 
No. S-1055-MS: 

FIRM AMOUNT OF BID 

Concrete Construction Company $339,725.00 
J . H. Reid General Contractor $464,430.00 
Pierco, Inc. $574,896.00 

Concrete Construction fa i l ed to include purchase cost of sealing 
membrane ($100,000) and acknowledge the Receipt of Amendments 
on the submitted bid form. I t was recommended the bid be awarded 
to the J . H. Reid Company, the next lowest bidder. 

The fo l lowing bids were received for Subcontract No. S-1057-MS: 

FIRM AMOUNT OF BID 

Conti Construction Company $264,204.00 , 
J . H. Reid Company $277,340.00 r 

J . A. Cavanaugh Contractors , $439,050.00 
Chris Tec Associates Late Bid (Not Opened) 

Af ter an analysis of the b ids, recommendation was made to award 
the contract to Conti Construct ion. 
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3.7 Schedules 

The project schedule for Phase I remedial action is presented in 
Figure 3-10. Work on the storage pad was scheduled to begin in 
mid-June in order to be ready for beneficial use by mid-August. 

3.8 Memo Agreements 

The Phase I Remedial Action Program was established to decontaminate 
private properties in the Borough of Middlesex and the Township of 
Piscataway. Before implementation of the work, it was necessary for 
the DOE to obtain legal agreements with the respective owners 
authorizing the decontamination effort to proceed. The agreements 
were generic in nature, but gave the DOE and NLO the right to 
perform remedial action. The document stated the scope of work and 
the responsibilities of the DOE-NLO organization to protect the 
interests and property of each owner during the cleanup effort. 

a) Rectory Property 

The Rectory belongs to the Churcn of Our Lady of Mt.Virgin, 
represented by the Roman Catholic Church of Trenton, New Jersey. 
NLO field personnel had direct liaison with Father Joseph R. 
Fibner, representative of the Church. 

Father Fibner stated early in the design phase of the project 
that the Rectory was his place of business with some 125 visi
tors a week. With this knowledge, NLO planned to keep the 
inconvenience to a minimum. Access to the building was to be 
continually maintained throughout the excavation so the Father 
could carry out his duties. 

A second agreement was signed by the Church when the decontami
nation of the playground was authorized. The playground was not 
in the original scope of work for the project and until the 
amendment was signed, no work could be performed. 

b) William Street Property 

The 432 William Street property was owned by Mr. Sarantos 
Papghis. Mr. Papghis, residing in California, was initially 
reluctant to sign the agreement. He leased the property to Ms. 
Maryann McCormick, who was authorized by Mr. Papghis to act as 
caretaker of the property and was the individual with whom NLO 
field personnel dealt on a daily basis. 
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Ms. McCormick requested that she be relocated during the oper
ation. After some deliberation, DOE and NLO honored this 
request and Ms. McCormick retained temporary housing for a 
period of five weeks. 

As a result of preliminary radiological surveys performed by 
NLO and EG&G, the area along the property line separating 
the 432 and 430 William Street properties was found to be 
contaminated with 226R3 concentrations in excess of 150 pCi/g 
(Figure 6-19). In order to excavate completely the contamina
tion resulting from the radioactive materials which had been 
used as fi l l at 432 William Street, it was necessary to encroach 
upon the 430 William Street property along the entire property 
line. The construction safety fence had to be erected several 
feet inside the 430 William Street property to facilitate the 
excavation, and small amounts of soil would of necessity be 
removed from that property. 

DOE initiated the preparations of an agreement with Mr. Osborn 
Grant, owner of the property, so that the cleanup operation 
could be completed. A similar agreement was prepared for Mr. 
George Kasharion, owner of the 415 Grant Avenue property, 
abutting the south property line of the excavation site, to 
allow NLO to decontaminate if necessary. Mr. Kasharion was not 
willing to allow his property to be decontaminated; however, his 
approval was not necessary since no contamination was found to 
extend beyond the 432 property line. 

During the cleanup effort, NLO was informed that the bank 
holding the mortgage on the 432 William Street property had 
intentions of foreclosure. DOE immediately contacted the bank 
to inform them of the activities. Although the bank was in 
the process of foreclosure, it was most cooperative and suppor
tive of the remedial action on the property. The Department of 
Housing & Urban Development (HUD) acquired title of the property 
on November 19, 1981 and was in the process of selling the 
property to the tenant. 

Borough of Middlesex and Township of Piscataway 

Similar memo agreements were signed by officials of the Borough 
and Township. The agreements were to cover the removal of 
contamination that could possibly lie under the public thorough
fares. In the case of Drake Avenue (see Frgure 3-5) in the 
Borough of Middlesex, this was required, since contamination was 
found under the Drake Avenue pavement and around the storm sewer 
adjacent to the Rectory lawn (Table 6-3, 6-4). No Township 
property was disturbed by the operations. 

Rosamilia and Kays Property 

Memo agreements were signed by both parties involved. 
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4.0 PROJECT PERFORMANCE 

4.1 Highl ights 

The performance for Phase I remedial ac t i on , inc luding the addi
t ional proper t ies, was achieved, as shown in Figure 4 - 1 . Work 
began on the storage pad in mid-June 1980 and was ready for benef i 
c i a l use on August 18. Reid Cons t ruc t ion f i n i s h e d the e n t i r e 
project early in September. Remedial Action performed by Conti began 
on August 8 at the Rectory, a f t e r a few weeks of mob i l i za t ion . 

The fo l lowing dates h igh l igh t the milestones of the pad construct ion 
project during 1980: 

June 4 - June 13: S i te e l e c t r i c 
t r a i 1 e r hook-
Avenue. 

work, m o b i l i z a t i o n , 
u p , pav ing o f Wood 

June 16 - June 20: Removal of existing drainage pipe, 
installation of new drainage pipe, 
installation of sanitary sewer connec
tion, regrading of tank area, demoli
tion of small block shed. 

June 18: Project readiness meeting held at the 
s i t e ; at tended by personnel from 
DOE-HQ, D0E-0R0, EG&G, FBDU, EIC, and 
NLO. 

June 23 - July 4 Installation of concrete trench drains 
and connections to catch basins and 
manholes. 

July 7 - July 18: Paving of pad and surrounding area. 
Stone chip treatment, clean-up. 

July 21 - July 25: Demobilization. 

Although the projected time for the job was 49 calendar days, the 
completion was delayed until September 9 because of change orders 
and work extensions. 

Significant events in the remedial action project during 1980 were 
as follows: 

SITE EXCAVATION BACKFILL 

Rectory 
William Street 
Playground 
Rosamilia 
Kays 

Aug. 11 - Sept. 4 
Sept. 8 - Sept. 10 
Oct. 6 
Oct. 22 - Oct. 31 
Oct. 30 - Nov. 3 

Aug. 22 - Sept. 4 
Sept. 15 - Oct. 8 
Oct. 8 
Oct. 31 - Nov. 3 
Nov. 7 

Pile sealing took place in late October and was completed by November 
14, 1980. 
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FIGURE 4-1 
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Conti Construction conformed to the time constraints with back
f i l l i n g of the William Street sites, but with the addition of the 
playground, Rosamilia, and Kays properties, the final completion 
date of all activities was November 14, 1980. Remedial work on 
Drake Avenue and the property line between 430-432 William Street 
were not separate operations, but were part of the cleanup at 
the Rectory and 432 William Street. As stated above, al 1 work 
was completed on November 14, 1980. 

Volumes of contaminated soil generated for the Phase I work is 
summarized in Table 4-1. The in-place volume of approximately 
10,000 cubic yards created a storage pile of 187* x 182' x 13'. 
The pile has 3:1 slopes. 

On September 18, 1980, NLO field personnel were requested by NL0-
Fernald to attend a Planning Board Meeting at the Borough Hall 
in Middlesex to be held on September 24, 1980. The request was 
prompted by the D0E-0R0 which received notices that construction 
activities were to take place within the Borougn in the vicinity of 
the Plant Site. These properties are: 

o A vacant property on Wood Avenue owned by Mr. Anthony Rosa
milia (refer to Figure 3-1 for location with respect to the 
MSP). 

o Property located at 312 Mountain Avenue owned by Mr. Joseph 
Kays. 

The ORNL survey performed in 1 977 indicated that the Wood Avenue 
property contained contaminated s o i l . The 312 Mountain Avenue 
property was found by EG&G to be slightly contaminated (See Fig. 
6-21). This was discovered while EG&G was obtaining additional 
radiological data for NLO to define contamination limits for Phase 
II project development. 

As a result of this data, NLO was asked to attend the Planning 
Board meeting to protest the building of any structures at these 
sites until the completion of Phase I I at which time their decon
tamination would be complete. 

Prior to this meeting, NLO obtained additional soil and surface 
samples to confirm that contamination did exist on the sites. 

The results of the radiological work indicated that the Wood Avenue 
property (Rosamilia) was contaminated over the entire surface to a 
depth of two feet near the site property line and six inches on the 
eastern perimeter. The 312 Mountain Avenue site was partially 
contaminated north of the existing house to a depth of nine inches. 
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TABLE 4-1 

EXCAVATED VOLUME OF CONTAMINATED SOIL 

AREA 

ESTIMATED 
QUANTITY 
Yd3 

EXCAVATED 
QUANTITY 
Yd3 

Site (Resulting 
from improvements 
placed by Reid) 

Rectory 

Williams Street 

Playground 

Rosami1i a 

Kays 

TOTAL 

500 

1800 

500 

200 

3000 

200 

6200 

1225 

5943* 

1780* 

223* 

5323* 

190* 

14684 

COMPACTED 
QUANTITY 

(Storage Pile) 
Yd3 

1225 

4160 

1246 

156 

3726 

133 

10646* 

* These quantities reflect the excavation quantities by which Conti 
Construction was paid. 

** This figure represents the final compacted volume of the Phase I 
pile and has been verified by FBDU field engineers. 

The estimated quantities are based on the criterion set for the 
Middlesex Site of 5 pCi/g 226Ra. Actual final levels of 226Ra 
were lower than 5 pCi/g due to sampling, instrument, and statistical 
considerations in applying the criterion, as described in Section 
6.6.2. 
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NLO and DOE-ORO discussed the possibility of performing remedial 
action under Phase I . However, these properties were not included 
in the National Environmental Protection Act (NEPA) agreement 
for Phase I . DOE-ORO was to investigate whether approval could 
be obtained in time for the work to be done. 

With this information, NLO field personnel drafted a letter to 
the Middlesex Planning Board, notifying the officials that the 
DOE protested the building of structures on these properties 
until remedial action was performed. 

At the Planning Board meeting of September 24, 1980, i t was evident 
that in fact there was a need for the respective property owners to 
build, based on economic losses that would be incurred by both 
owners. Mr. Rosamilia was being penalized approximately SI,400 per 
year by the Borough for not developing his property. Mr. Kays had a 
buyer for his property once i t was developed and was in a position 
to lose the sale i f improvements were not made. 

The lawyers representing each party drafted a letter to NLO to 
request remedial action this year. NLO D&D Division officially 
requested 0R0 for inclusion of this work on September 26, 1980. 
However, before any work could be performed, a negative NEPA decla
ration was needed. 

NLO requested that DOE-ORO pursue the possibility of including these 
properties under the Phase I program. FBDU was already under 
contract with NLO to prepare the Environmental Assessment (EIA) for 
the Phase I I work. The EIA was presented by NLO and DOE-ORO to NEPA 
Affairs Office on October 7, for their consideration. 

DOE-ORO diligently pursued the NEPA negative declaration. On 
October 22, DOE-ORO authorized NLO to proceed with the decontamina
tion of these properties. By this time the Memo Agreements had 
been signed by the respective property owners authorizing the work 
to be performed. 

On October 22, NLO field personnel notified the Planning Board 
that the Rosamilia and Kays properties were to be decontaminated 
during Phase I . At this time, NLO informed the residents in the 
area of the sites of the proposed work. 

Upon notice to proceed with the decontamination of the Kays and 
Rosamilia properties, NLO init i a t e d a legal survey of the two 
sites. NLO procured Fisk Associates to perform the work. Fisk 
surveyors staked the property lines on October 20, and sent the 
legal descriptions of the property to NLO. Work was initiated on 
October 22 and was completed on November 7. 
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4.2 Operations 

The procedures developed by NLO and i t s subcontractors for imple
mentat ion of the Phase I decontaminat ion e f f o r t proved t o be 
successful. The operations performed had to be capable of r e t r i e v 
ing the optimum quanti ty of so i l to meet c r i t e r i a , prevent the 
fur ther spread of contamination by t rack ing of equipment, provide 
adequate release from transport un i t s , and minimize so i l erosion and 
dust gene ra t i on . I t was the i n t e n t i o n o f NLO to perform each 
operation so as to minimize the health hazard to the workers as well 
as the c i t izens of the community. 

a) Equi pment: 

The specifications to Subcontract No. S-1057-MS specified the 
use of only equipment in good working condition. This insured 
that the operation would proceed in an orderly and productive 
manner and minimize the hazard to occupational personnel and 
the public. 

At the preconstruction conference held with Conti Construction 
oh July 30, NLO field personnel requested a pre-inspection of 
the dump trucks to be used to haul the contaminated soil. It 
was the intention of NLO to inspect the vehicles to determine 
the condition of the bodies and troubleshoot potential problem 
areas associated with spillage and/or mechanical failure. Conti 
Construction agreed to this inspection and made the modifica
tions necessary to insure containment of the material which, in 
essence,protected the welfare of the public. 

b) Excavation: 

It was planned to remove contaminated soil to the extent neces
sary to reach a level of 5 pCi/gm Ra226. The extent of the 
surface contamination which had been identified by ORNL was 
fir s t confirmed by EG&G. The area was staked and then further 
characterized by soil core analysis performed by NLO-EIC to 
establi sh depths. 

Excavation proceeded with this information and was carried out 
in a manner so as to minimize the spread of contamination. The 
flow of the excavation was from the furthest point from the 
access area and progressed to the access area (see Fig. 4-2 and 
4-3). 

Conti Construction excavated to depths determined by the core 
analysis. At this point the EIC field monitor began to check 
after each cut made by the bucket to determine i f the criteria 
had been reached. The dig and monitor method was utilized at 
the four sites with good results. 

The excavated material was constantly dragged back onto already 
contaminated areas, thus minimizing the spread on previously 
cleaned surfaces. 
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c) Transport to Plant Site - Unloading and Return: 

The dump trucks, when loaded, were covered with a canvas shroud. 
Before leaving an excavation si t e , the units were visually 
checked to assure that no contamination existed on the outer 
surface of the truck body. The EIC monitor stationed at the 
access point checked the tires (for external contamination) and 
interior of the cab to insure absence, of contamination. Once 
checked, the truck was logged and then released. 

The trucks followed specified routes to the Plant Site. The 
Borough of Middlesex approved a route to be used by NLO, so as 
to minimize exposure to the public (Fig. 4-4). 

Dumping at the Plant Site was performed in a manner to eliminate 
the spread of materials. Contaminated soil was dumped from 
the trucks directly onto the pile and immediately compacted to 
reduce dust generation and the spread of contaminants by runoff. 
The trucks, upon completion of the dump, were monitored for 
external contamination and washed at the decontamination pad i f 
levels exceeded release criteria. Once released, tne trucks 
returned for another load. 

d) Compaction of the Pile: 

The f i r s t material excavated was dirt without large rocks or 
other hard/sharp material. Sufficient homogeneous dirt was 
hauled to cover the rubber liner on the bottom of the pile with 
a 12 inch l i f t . As the^top of the pile was neared, efforts were 
made to excavate and haul sufficient homogeneous dirt to cover 
the top of the pile with 12 inches of material. 

A dozer, working on the pile, transported the contaminated 
material to the appropriate location on the pile. The spoil 
pile was compacted to insure its own structural stability while 
achieving a firm, planar subgrade for liner application. 
Although solid materials such as rock and concrete were in
cluded, they were placed in a manner that allowed strata uni
formity and avoided the liklihood of "sinks" or sloughing. 
These materials were placed in the interior of the pile away 
from liner and asphalt pad. Placement of a protection course of 
clean f i l l (approx. 8"-12") was placed over the asphalt pad and 
sealed with EPDM tie-down (tuck) pieces after the main f i l l 
operation. Final grading of this pile included a minimum of a 
12" course of compact clean f i l l over all surfaces to be lined, 
placed and compacted (free of debris) to a maximum density in 
two l i f t s . The final surface presented to the EPDM cover was 
firm, planar, and free of debris, stone, or sticks that might 
have chafed or punctured the membrane. 
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EPDM Cover Installation: 

Upon completion of the excavation operation, the storage pile 
was rough graded to meet the slope requirements established by 
the specifications. Enviroclear, liner subcontractor to Conti 
Construction, and with previous experience with liner fabrica
tion, installed the cover. 

Enviroclear f i r s t installed the tuck piece bonding the rubber 
to the asphalt pad with cement. Upon completion, Conti Con
struction fine graded the pile to provide proper subgrade 
conditions for the final cover. The cover was applied in 
sections, spliced with a 6" minimum and the exposed lap-splice 
step-off continuously sealed with an EPDM mastic bead. 

Upon completion of the sealing, the rubber was attached to the 
wood batten anchors which completed the work. 

Incineration of Combustible Materials: 

It was intended that a portable high heat incinerator be used 
to dispose of combustible materials (trees, shrubs, etc.). 
However, due to a series of events, this unit was not operated 
because: 

1. Conti Construction chipped all vegetation at the Rectory 
to f a c i l i t a t e transport and inadvertently mixed the 
wood with contaminated soil. 

2. Vegetation at the William Street property was removed 
by unknown persons prior to its transport to the Plant. 
Analysis of similar vegetation samples from the Rectory 
(Table 6-9) indicate that this material, wood from 
several maple trees, contained radionuclides well below 
the remedial action criterion, therefore no action was 
taken to recover the material. 
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4.3 Conformance to Specif icat ions 

a) Pad Construction, Subcontract No. S-1055-MS, with J. H. Reid 
Zoy. 

J . H. Reid Construction performed a l l work according to the 
speci f icat ions set fo r th under Subcontract No. S-1055-MS with 
the fol lowing exceptions: 

o Southeast corner pavement: Saw cut cal led for where new 
pavement jo ins ex is t ing pavement. 

o Site drainage modi f ica t ions: Locations for the drop i n le t s 
were changed in the f i e l d t o f i t e x i s t i n g c o n d i t i o n s . 

o Sump: Bolting»the pump to the concrete pedestal. 

° Storage Pad Overlay: The 1% a i r voids, as cal led out in 
the spec i f ica t ions, could not be achieved. To obtain 1% 
a i r voids, the mix design would require a 7% asphalt content 
w i th an 1-5 stone g r a d a t i o n . This asphal t design was 
avai lable only on a batch basis , and only during periods of 
l i gh t manufacturing demands. This would cause cost ly delays 
in the storage pad const ruct ion. 

The specia l 7% mix and a standard 6.5% p lan t mix were 
tested over a port ion of the smooth leve l ing course. Con
clusions from the tes t showed: 

1. Appl icat ion of the special 7% mix was more d i f f i c u l t 
than the 6.5% asphalt mix 

2. Surface of the 7% mix checkered a f t e r r o l l i n g . 

3. The 6.5% mix showed 2.4% a i r v o i d s , but e x h i b i t e d a 
s t a b i l i t y 300 psi higher than the 7% mix. Thus, due to 
a v a i l a b i l i t y , ease of appl icat ion and the underlying 
fabr ic b a r r i e r , spec i f icat ions were changed to permit 
i ns ta l l a t i on of 6.5% asphal t . 

Tar and Chip: The asphalt o i l o r i g i n a l l y speci f ied for 
th i s work was changed in the f i e l d to match the requirements 
for the ex is t ing s i t e condi t ions. Type MC-0 asphalt o i l , 
which was o r i g i n a l l y spec i f i ed , i s a wearing surface prime 
coat and not s u i t a b l e f o r t a r and ch ip cove r ings . To 
increase the d u r a b i l i t y of the ta r and chip surface, asphalt 
o i l type RC-250 was speci f ied and applied (see Modi f icat ion 
#15). 

Sanitary Sewer Hookup: A f i e l d change was made in order 
t o meet the Borough requirement to t i e sanitary l ines to 
ex is t ing stubs. 
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Variances for the saw cut, sump pump ancnor, and overlay 
were written Modifications of "the site drainage inlet locations 
and tar and cnip asphalt oil were covered by Contract Modifi
cations (See Section 4.4). Documentation for the testing of 
materials used by the J. H. Reid Company are on f i l e in the D&D 
Engineering Department at NLO. 

b) Remedial Action, Subcontract No. S-1057-MS, Conti Construction 
Co.,: 

Conti Construction performed all work according to specifica
tions under Subcontract No. S-1057-MS, with the following 
exceptions: 

° Rectory Remedial Action: The type and location of plantings 
and landscaping were changed to meet the owners needs. 

o William Street Remedial Action: The type and location of 
plantings and landscaping were changed to meet the owners 
needs. 

° Storage Pile Construction: Of the compaction tests run, 
39% failed during the construction of the storage pile. 
Enviroclear, installers of the EPDM rubber, were informed of 
this and stated the pile was of sufficient integrity to 
allow proper installation of the material. Variances for 
the landscaping and storage pile were written and are on 
f i l e in the D&D Engineering Department at NLO. 

4.4 Contract Modifications 

Throughout the course of the Phase I program as performed under 
Subcontracts S-1055-MS and S-1057-MS,- i t was necessary to initiate 
various change orders in order to amend these existing contracts 
to carry out additional work. In general, the contract changes 
were due to differing site conditions than previously planned, 
and required action for the work to be performed in a complete 
and timely manner. 

Each contract modification required for the two subcontracts is 
.discussed briefly to state what was required and why the change 
was initiated,, Details of the Contract Modifications are main
tained in the D&D Engineering Department files at NLO. 

a) Subcontract No. S-1055-MS with J. H. Reid Company: 

Modification No. 1: 

Type of work: Work included the installation of four 110V 
receptacles at locations around the perimeter of the proposed 
pad area. 

Statement of Need: EIC requested that power be made available 
to operate air particulate samplers in the construction area 
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of what was to be the storage pad. EIC suggested t h a t the 
samplers should be operat ional-before any work commenced. Since 
no power was a v a i l a b l e and the t ime frame s h o r t , Reid was 
requested to i ns ta l l four receptacles in predetermined loca
t i ons . EIC was not contracted before the award to Reid; there
fo re , the request had not been included in the or ig ina l scope of 
work. 

Modif icat ion No, 2: 

Type of work:. Formerly n o t i f i e d J . H. Reid tha t B i tu thene 
could be used as an acceptable subs t i tu te for Prepave overlay 
mate r ia l . 

Statement of reeo Background for t h i s modi f icat ion can be 
found under Section 5.0, "Subcontractor Disputes." 

Modif icat ion No, 2A: 

Type o f work: Requested Reid to i n s t a l l 110V power at the 
S i t e ; an a d d i t i o n a l l o c a t i o n at the Middlesex S i t e ; and to 
prov ide o u t l e t s in what was to be the EIC s o i l p repara t ion 
lab. 

Statement of need - EIC requested that power be made avai lable 
for a i r samplers at the Rectory for monitoring purposes during 
excava t i on . In a d d i t i o n , o u t l e t s were needed to operate 
inst ruments in the sample p repa ra t i on l a b . Since EIC was 
not able to have th is work performed, NLO requested that i t 
be done by Reid. 

Modi f icat ion No. 3: 

Type of work: Provided for control of runoff water and so i l 
erosion at the Middlesex Site during construct ion a c t i v i t y . 

Statement of need: During the planning for th i s p ro jec t , i t 
was not a n t i c i p a t e d t ha t a great deal o f ma te r i a l would be 
generated and l e f t exposed before placement onto the storage 
pad. Control of water runoff and so i l erosion was provided at 
the request of the Borough. 

Modif icat ion No. 4: 

Type o f work: Provided fo r dust c o n t r o l du r ing the Reid 
a c t i v i t i e s at the s i t e . 

Statement o f need: Dust con t ro l was not inc luded in t h i s 
subcontract because the minimal amount of material that was 
ant ic ipated to be s tockp i led , but was provided at the request of 
the borough. 
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Modification No. 5: 

Type of work: Provided for the installation of utilities for 
the access and change trailer operated by EIC. 

Statement of need: A change trailer was not provided for 
in the Radiological Support Subcontract. Once the trailer 
was obtained, Reid was asked to connect the utilities for 

Modification No. 6: 

Type of work: Provided for the installation of a New Jersey 
standard drop inlet at the Wood Avenue entrance to the Middlesex 
Site. 

Statement of need: An additional drainage line was found at 
the Wood Avenue entrance after the award of the Reid contract. 
Since it was necessary to maintain drainage in this area a 
drop inlet was installed,, 

Modification No. 7: 

Type of work: Substituted concrete trench drains in place of 
the corrugated metal pipe slotted drain line originally proposed 
by FBDU for the storage pad drainage system. 

Statement of need: The slotted drain pipe needed a minimum 
1 percent slope to function properly. Due to the relatively 
flat topography of the storage site, it was found necessary to 
install concrete trenches which could function on a lesser 
degree of slope. Also, the trench could be easily cleaned if 
there was any sediment buildup. 

Modification No. 8: Not initiated. 

Modification No. 9: 

Type of work: Authorized Reid to install a concrete step at 
the front entrance to the Administration Buildinq at the 
Middlesex Site. 

Statement of need: After the connection of the sanitary line 
Trom the building to the sewer, the manhole cover placed over 
this junction was found to be a tripping hazard. In order to 
alleviate this problem, a concrete step was poured around the 
manhole. 

Modification No. 10: 

Type °f" o r k : Allowed for electric receptacles to be placed at 
the Wi1liam Street property. 

Statement of need: The requirement for this work is similar 
to justifications given under Modifications No. 1 and 2A. 
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Modification No. 11: 

Type of work: Authorized Reid to place a smoothing-leveling 
course on tne existing pavement in the pad area. 

Statement of need: Due to the extremely deteriorated condition 
of tne asphalt pad,it was determined during construction that i t 
was necessary to apply a smoothing-leveling course of asphalt 
prior to installation of the water proofing membrane. The 
decision was based on the fact that the existing pavement was 
of a penetration application and not very durable. 

Modification No. 12: 

Type of work: Established the price for which Reid was to 
install the waterproofing membrane (Bituthene) and the 1-1/2" 
asphalt pavement. 

Statement of need: See Section 5.0, "Subcontractor Disputes." 

Modification No. 13: 

Type of work: Authorized Reid to relocate the temporary spoils 
pile onto tne pad. 

Statement of need: The temporary pile which was a result of 
materials generation from the Reid job, needed to be relocated 
onto the pad in order for Reid to properly complete the work. 

Modification No. 14: 

Type of work: Adjusted all unit price items. 

Statement of need: In order to close the contract and finalize 
payments, ail unit price items had to be adjusted to insure 
proper payment for the work actually done. 

4-16 



Modification No. 15: 

Type of work: Modification No. 15 was init i a t e d to change 
the type of asphalt oil to be used with the tar and chip cover. 

Statement of need: The specifications stipulate the use of 
Type MC-0 liquid asphalt for tar and chip application in item 
11 on the Form of Bid. The Subcontractor proposed the use of 
Type RC-250 liquid asphalt in lieu of Type MC-0. Type MC-0 is 
generally used for a prime coat. (Reference: "The Asphalt 
Handbook" published by the Asphalt Institute.) 

This modification is required to authorize the use of Type 
RC-250 liquid asphalt in lieu of Type MC-0 specified in order 
to provide a more durable tar and chip cover. 

Modification No. 16: 

Type of work: Modification No. 16 authorized payment to Reid 
for the air filters that were removed from heavy equipment by 
EIC. 

Statement of need: Due to radiological considerations and the 
philosphy for tne containment of contaminated materials, Reid 
was requested to remove contaminated air filters from the heavy 
equipment used at the site prior to equipment removal from the 
job site. 

Subcontract No. S-1057-MS with Conti Construction: 

Modification No. 1: 

Type of work: Allowed for the substitution of an 8' plywood 
security fence in place of the 6' fence originally proposed for 
use at the Rectory and Williams Street properties. 

Statement of need: As a result of the public concern that 
children could climb a 6' fence and gain access to contaminated 
materials during excavation of the of f s i t e properties, the 
Borough requested NLO to add two additional feet. NLO honored 
the request, primarily as a public relations gesture. 
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Modification No. 2: 

Type of work: Authorized remedial action on a portion of Drake 
Avenue, adjacent to the Rectory site. The work consisted of 
detouring traffic, removing a contaminated storm sewer line and 
inlet, removing the curb and a portion of blacktop and soil, and 
replacement of these items in kind. 

Statement of need: During the excavation of contaminated soil 
at the Rectory, EIC discovered that some contamination did lie 
beneath Drake Avenue. (See data Tables 6-3 and 6-4). In order 
to meet the ALARA philosophy, NLO directed Conti to remove this 
contamination. 

Modification No. 3: 

Type of work: Increased the quantities of estimated materials 
(backfill, excavation, and topsoil) to provide funding to cover 
additional quantities found to be necessary during the course of 
work. 

Statement of need: Due to an increase in the quantity of 
contaminated material, it was necessary to increase these line 
items in order to provide funding to pay Conti. The original 
estimate was based on data compiled by ORNL and FBDU, and which 
determined that contaminated soil lie no more than 5* in any one 
area of the Rectory site. The increase in contaminated mate
rials was due in part to what appeared to be leaching of radium 
deeper into the soil. NLO and EIC performed subsurface surveys 
prior to construction and confirmed the deeper penetration. A 
sand strata was found which contained relatively no contamina
tion. Below this sand was clay and shale and contamination was 
found. Thus, the original dirt estimate was tripled. The final 
depth of excavation was approximately 9* to 11' below the 
original grade. 

Modification No. 4: 

Type of work: Permitted the removal of contaminated soil from 
beneath the garage and a section of the house at 432 William 
Street. Work included the demolition and replacement of the 
garage, underpinning of the house, removal of soil, and instal
lation of a new foundation. 
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Statement of need: Preliminary radiological surveys did not 
indicate contamination beneath "the garage or house. During the 
decontamination of William Street, the material was exposed and 
it was then determined that the ground was contaminated. An 
addition had been put onto the house and since it was of the 
same construction as the garage, it became evident that both 
structures had been built after the contaminated soil had been 
placed at the site. The house was of such condition to with
stand underpinning; but the garage was not. It was not feasible 
to keep the garage intact, since the entire area under the floor 
was contaminated. Therefore, the decision was made to level the 
structure, remove the material, and rebuild the garage. 

Modification No. 5: 

Type of work: Increased the backfill and excavation quantities 
5,000 and 3,200 cubic yards,respectively, in addition to the 
increase of Modification No. 3. 

Statement of need: The reason for this modification is similar 
to that of Modification No. 2, in that more contaminated soil 
was found at the William Street property than originally antici
pated. The final depth of excavation was on the order of six 
feet, compared to the estimated 2.5 feet. 

Modification No. 6: 

Type of work: Authorized the removal of contaminated soil at 
the Rectory playground for the subcontract prices already 
established. 

Statement of need: Isolated contamination was known to be in 
playground prior to Phase I. During the decontamination of the 
Rectory, the area was defined and found to be much larger than 
anticipated. Since the problem was larger and not in the ori
ginal memo agreement between the DOE and the Catholic Church, 
decontamination could not be performed at the time of the 
Rectory work. DOE obtained the necessary approvals and instruc
ted NLO to proceed with decontaminating the playground at 
unit prices for excavation, backfill, and topsoil in the subcon
tract. 
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Modification No. 7: 

Type of work: Permitted basement remedial action to be per-
formea at tne William Street property. 

Statement of need: During the William Street decontamination 
effort, some contamination was found to be beneath the base
ment floor. To meet the ALARA philosophy, NLO proceeded with 
removal of the contaminated material. 

Modification No. 8: 

Type of work: Allowed for the replacement of the patio fence 
at the Rectory site. 

Statement of need: The patio fence was in very poor condition 
and reuse was found to be impossible. The old fabric was 
replaced with a new green chain link fence. 

Modification No. 9: 

Type of work: Allowed for the replacement of the 1.U00 gallon 
gas tank at the Rectory site. 

Statement of need: During the removal of the existing gas 
tank at the Rectory, i t was determined that the tank was in 
poor condition and not suitable for reuse. 

Modification No. 10: 

Type of work: Authorized a flagman (borough Police) to be 
provided at the intersection of Cedar Avenue and Lincoln Boule
vard during the decontamination of the Rectory site. 

Statement of need: Due to public concerns, the truck route 
originally proposed for the transfer of contaminated soil from 
the Rectory to the Middlesex site was changed to an alternate 
route of Drake Avenue to Cedar Avenue to Lincoln. NLO was 
requested by the Borough to maintain a flagman at the intersec
tion of Cedar and Lincoln. Conti Construction felt that the 
only party that would be respected for this work would be 
Borough Police. Mayor Dobies explained to NLO that no money was 
available within the Borough to cover the added expense; there
fore, NLO was requested to provide them via subcontract. 
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Modification No 11: 

Type of work: Covered the cost of lining the dump trucks with 
a plastic sheet. The plastic was placed on the bed of the 
truck, ana once loaded, was pulled over the load. 

Statement of need: The Borough requested that NLO take added 
precautions to contain materials during transport from the 
offsite properties to the plant site. The plastic stopped the 
canvas snroud from coming into contact with tne d i r t ; therefore, 
contamination was never exposed to the public. 

Modification No. 12: 

Type of work: Authorized detouring tra f f i c around Grant Avenue 
in order to expedite dirt removal at the William Street pro
perty. 

Statement of need: NLO requested the Township of Piscataway 
for permission to close the section of Grant Avenue adjacent to 
the Williams Street property to facilitate the decontamination 
effort. Mr. Zanetti , Township Engineer, agreed, contingent 
upon NLO setting up a detour to reroute vehicles. 

Modification No. 13: 

Type of work: Authorized the installation of a lawn sprinkler 
system at the Rectory site. 

Statement of need: Father Fibner requested a lawn sprinkler 
system for the Rectory grounds in lieu of one year's maintenance 
of the lawn and shrubs. The work was approved based upon the 
idea that the decontamination effort was inconvenient to the 
Father and the system would enhance public relations. 

Modification No. 14: 

Type of work: Extended the scope of work to perform remedial 
action on the Kays ano Rosamilia properties at existing subcon
tract prices. 

Statement of need: At the request of two property owners (Mr. 
Kays and Mr. Rosamilia) to have their properties included in the 
Phase I cleanup, DOE authorized NLO to proceed with decontami
nating both properties at unit prices for excavation, backfill, 
and topsoil in the subcontract. 
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Modif icat ion No. 15: 

Type of work: Allowed the decontaminat ion of the Rectory 
foundation wal 1. 

Statement of need: Contaminat ion was found t o be f i x e d to 
the t a r coat ing on the Rectory foundat ion w a l l . Fo l lowing 
the ALARA philosophy, NLO i n i t i a t e d act ion to remove and replace 
t a r , once the wall was decontaminated. 

Modif icat ion No. 16: 

Type of work: Provided funding for materials used to back f i l l 
Drake Avenue. 

Statement of need: The stone used to back f i l l Drake Avenue 
was not included under Modif icat ion No. 2. 

Modif icat ion No. 17: 

Type of work: Adjusted a l l of the un i t pr ice quant i t ies for 
work actual ly performed. 

Statement of need: An adjustment of a l l over and under runs of 
uni t quant i t ies was necessary to f i n a l i z e the contract . 

Modif icat ion No. 18: 

Type of work: Authorized the i n s t a l l a t i o n of a working concrete 
sump in the basement of the Rectory. 

Statement of need: Elevated radon l e v e l s were found t o be 
emanating from the ex is t ing sump in the Rectory basement a f t e r 
decontaminat ion of the p r o p e r t y . A covered concrete sump, 
with passive exhaust vent, was i ns ta l l ed at DOE's request to 
r e c t i f y the problem. 

Modif icat ion No. 19: 

Type of work: Provided for the addi t ional expenditures for the 
f a b r i c a t i o n and sea l ing of the rubber l i n e d storage p i l e . 

Statement of need: Due to the increased quant i t ies of excavated 
m a t e r i a l s , the o r i g i n a l s to rge p i l e was increased from the 
proposed 132' by 132' to a f i na l dimension of 187' by 182' by 
13 ' . The extra material required addi t ional sloping and sealing 
time and th i s modi f icat ion r e f l e c t s the increase. 
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Modification No. 20: 

Type of work: Provided funding for the removal of vegetation 
and debris from the Kays and Rosamilia properties prior to 
excavation. 

Statement of need: With the addition of the Kays and Rosamilia 
properties to the scope of work, clearing of the sites was 
required. This work was necessary since a great deal of debris 
was placed on these sites in the form of lumber, cars, boats, 
and the like. All personal belongings (many owned by residents 
living adjacent to the property and encroaching thereon) were 
relocated to the proper party. 

Modification No. 21: 

Type of work: Authorized placement of a seed and mulch cover 
on all backfilled areas of the Kays and Rosamilia properties. 

Statement of need: This subcontract did not provide an item for 
seed ana mulch. As a result of the property owner agreement and 
a Borough ordinance, NLO was required to stabilize the disturbed 
areas. 

Modification No. 22: 

Type of work: Authorized a final cleanup of the Plant Site 
after all construction activities had ended. 

Statement of need: The subcontract allowed for the cleanup of 
contractor related items. In order to properly clean the site, 
NLO requested the removal of contaminated materials from the 
pad perimeter drains, sump, and pad for inclusion into the pile 
before final sealing. 
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Final Installed Quantities 

The final contract quantities installed by Reid for the construction 
of the storage pad are shown in Table 4-2. Quantities required for 
remedial action work performed by Conti are presented in Table 
4-3. 
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TABLE 4-2 

FINAL INSTALLED QUANTITIES - PAD CONSTRUCTION 

ITEM DESCRIPTION 

1 Asphalt Overlay (1-1/2") 
2 Asphalt Pavement (3") 
3 Asphalt Pavement (4") 
4 Bituminous Concrete Curb 
5 Drop Inlets 
6 Headwall 
7 Piping: 

01 12" Slotted Drain 
02 CMP 12" 
03 CMP 18" 
04 PVC 4" 
05 PVC 12" 

8 Settling Tank 
9 Sump 
10 Pump 
11 Tar and Chip 
12 Utility Pole Removed 
13 Site Drainage Removal 
14 Level Elevated Area 
15 Sanitary Sewer Hookup 
16 Demolition Building 

C01 Site Electric 
C02a Rectory Electric 
C03 Erosion Control 
C04 Dust Control 
C05 Trailer Hookup 
C06 Drop Inlet 
C07 Trench Drain 
C09 Concrete Slab 
C010 Wm. St. Electric 
C011 Smoothing Course 
C013 Temporary Pile 
C015 RC-250 Oil 
C016 Air Filters 

ESTIMATED INSTALLED CONTRACT 
QUANTITY QUANTITY UNIT PRICE ($) 

15,400 S.Y. 15,313 15.00 $229,695.00 
6,000 S.Y. 8,547 15.00 128,205.00 
1,400 S.Y. 2,145 25.00 53,625.00 
1,600 L.F. 1,600 3.00 4,800.00 

L.S. . L.S. 4,000.00 4,000.00 
L.S. L.S. 5,000.00 5,000.00 

DELETED 
315 L.F. 472 10.00 4,720.00 
380 L.F. 911 15.00 13,665.00 
115 L.F. 213 8.00 1,704.00 
75 L.F. 74 14.00 1,036.00 

L.S. L.S. 15,000.00 15,000.00 
L.S. L.S. 2,000.00 2,000.00 
L.S. L.S. 4,000.00 4,000.00 
L.S. L.S. 15,000.00 15,000.00 
660 L.F. 1,013 1.00 1,013.00 

1,050 L.F. 1,370 3.00 4,110.00 
L.S. L.S. 1,000.00 1,000.00 
L.S. L.S. 2,000.00 2,000.00 
L.S. L.S. 1,000.00 1,000.00 

L.S. L.S. 1,547.00 1,547.00 
L.S. L.S. 4,300.00 4,300.00 
L.S. L.S. 1,190.00 1,190.00 
L.S. L.S. 2,075.00 2,075.00 
L.S. L.S. 2,133.76 2,133.76 
L.S. L.S. 590.00 590.00 

1,600 L.F. 1,578 43.65 68,879.70 
L.S. L.S. 625.00 625.00 
L.S. L.S. 3,000.00 3,000.00 
L.S. L.S. 85,864.75 85,864.75 
L.S. L.S. 3,161.70 3,161.70 
L.S. L.S. 4,301.49 4,301.49 
L.S. L.S. 275.84 275.84 

TOTAL CONTRACT $669,517.24 
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TABLE 4-3 

FINAL INSTALLED QUANTITIES -. REMEDIAL ACTION 

ESTIMATED INSTALLED CONTRACT 
ITEM DESCRIPTION QUANTITY QUANTITY UNIT PRICE ($) 

1 Aggregate Subbase 500 S.Y. 576.35 6.00 $ 3,458.10 
2 Backf i l l 1,500 C.Y. 14,714.50 22.00 323,719.00 
3 Bituminous Concrete 400 S.Y. 336.70 6.00 2,020.20 
4 Concrete 100 S.Y. 300.68 42.00 12,628.56 
5 Excavation 2,500 C.Y. 13,459.40 59.00 794,104.60 

6 Loading Enclosure L.S. L.S. 500.00 500.00 
7 Plantings L.S. L.S. 12,000.00 12,000.00 
8 Rectory Misc. L.S. L.S. 2,000.00 2,000.00 
9 Security Fence Deleted 

10 Site Clearing L.S. L.S. 12,727.00 12,727.00 

11 Sod 2,000 S.Y. 3,422.22 2.00 6,844.44 
12 Storage Pi le L.S. L.S. 12,600.00 12,600.00 
13 Topsoi1 1,000 C.Y. 536.70 5.00 2,683.50 
14 Po l lu t ion , Erosion Cont. L.S. L.S. 1,000.00 1,000.00 
15 Site Dewatering (Mol ib izat ion) L.S. L.S. 50.00 50.00 

15 Site Dewatering (Transport) 8 Ea. 8 Ea. 25.00 200.00 
17 Dust Control L.S. L.S. 50.00 50.00 
18 Storage Pi le Erosion L.S. L.S. 800.00 800.00 
19 Front Entry (S.R.A.) Deleted 
20 Concrete (S.R.A.) Deleted 

21. ' Excavation (S.R-.A.) Deleted 
C01 Security Fence 1,050 L.F. 1,208.34 16.00 19,333.44 
C02 Drake Ave. Rem. Action L.S. L.S. 13,089.00 13,089.00 
C03 Wm. St. S.R.A. L.S. L.S. 49,734.00 49,734.00 
C07 Wm. St. Basement R.A. L.S. L.S. 3,000.00 3,000.00 

C08 Rectory Vinyl Fence L.S. L.S. 363.97 363.97 
C09 Rectory Gas Tank L.S. L.S. 630.00 633.00 
C010 Tra f f i c Control L.S. L.S. 2,455.00 2,455.00 
con PVC Truck Liners L.S. L.S. 3,300.00 3,300.00 
C012 Maint. T ra f f i c Wm. St. L.S. L.S. 600.00 600.00 

C013 Rectory Sprinkler L.S. L.S. 3,700.00 3,700.00 
C014 Rectory Foundation Repairs L.S. L.S. 10,614.53 10,614.53 
C016 1" Quarry Process Stone L.S. L.S. 3,881.25 3,881.25 
C018 Rectory Sump L.S. L.S. 2,860.00 2,860.00 
C019 Storage Pi le Enlargement L.S. L.S. 35,617.00 35,617.00 

C020 Site Clearing (Kays-Rosami 1 ia) L.S. L.S. 4,760.00 4,760.00 
C021 Seed and Mulch L.S. L.S. 4,760.00 4,760.00 
C022 Storage Pi le Cleaning L.S. L.S. 6,730.00 6,730.00 

TOTAL CONTRACT DOLLARS $1,349,553.59 
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- .6 Remeaial Action Construction Costs (Per Property) : 

The costs per property decontaminated under the Phase I program 
are presented in Table 4-4. Drake Avenue costs are included in 
the Rectory expenditures and 430 Will iam would be included in 432 
William Street data. 

The higher cost per yard of so i l at the Wil l iam Street property can 
be a t t r ibu ted to the substructural remedial act ion work of the 
house and garage. The prices in general are high as a resul t of 
Item 5 - excavation which paid Conti Construction $59/c.y. of so i l 
removed at the s i t es . In the fu tu re , t h i s item w i l l have to be 
care fu l ly analyzed before the recommendation of award to D0E-0R, 
since th i s w i l l be the governing factor in the overal l cost of the 
work. 

The amounts are d i rect construct ion costs and do not re f l ec t the 
NLO, FBDU, and EIC costs related to the j ob . 

COST PER CUBIC YARD OF MATERIAL EXCAVATED: 

TOTAL EXCAVATED 
SITE AMOUNT QUANTITY COST/C.Y. 

Rectory $581,393.17 5,943.00 $ 97.83 
William Street 235,996.80 1,780.00 132.58 
Playground 21,522.97 223.60 96.26 
Rosamilia 493,075.34 5,322.80 92.63 
Kays 17,565.31 190.00 92.45 

4.7 Final Acceptance and Inspection 

a) Subcontract No. S-1055-MS with J . H. Reid Company 

The f ina l acceptance inspection for Subcontract No. S-1055-MS 
was conducted on September 11, 1980 by Je f f Boyer, NLO Resident 
Engineer. The work performed was judged at t ha t t i m e , to 
be complete and in f u l l accordance with the approved plans and 
s p e c i f i c a t i o n s , w i t h the except ion of the f o l l o w i n g i t ems : 

1) Water leak on flange on west side of c l a r i f e r 

2) Lower fence at south sampling plant boundary approximately 
6 inches 

3) Repair damaged Wood Avenue gate 

4) Grade i n l e t at Wood Avenue 

5) Repair damaged pavement in storage pad area 

6) Repair damaged Bituminous concrete curb 
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These i tems were s a t i s f a c t o r i l y completed, and the f i n a l 
c e r t i f i c a t e of inspection for Subcontract S-1055-MS was issued 
to J . H. Re id , General Con t rac to r s , on September 12, 1980. 

Subcontract No. S-1057-MS w i th Conti Cons t ruc t i on Company. 

The f ina l acceptance inspection for Subcontract No. S-1057-
MS was conducted on November 25, 1980 by NLO's J e f f Boyer 
and H. C. Heareth. A l l work per formed, w i t h the except ion 
of the fol lowing items, was judged to be complete and in f u l l 
compliance with the approved plans and spec i f i ca t ions : 

1) Remove u t i l i t y poles in se t t l i ng tank and replace with 12 
t i r e s attached to the tank frame with 3/4" rope 

2) Ins ta l l 2" x 8" x 7' plank in the grate area 

3) Repair e lec t r i ca l conduit on gas pump at the Rectory s i t e . 

The above items were s a t i s f a c t o r i l y completed, and the f ina l 
c e r t i f i c a t e of inspection for Subcontract S-1057-MS was issued 
to Conti Construction on November 25, 1980. 
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TABLE 4-4 
CONSTRUCT lONTOSTS (PER PROPERTY) 

1 1 Rectory Ui 11 iam 5treet Playground Rosami 1 ia K ays 
Unit 1 Qty. Cost Qty. Cost Qty. I Cost Qty. Cost Qty. Cost 

Aggregate Subbase SY I 400.15 S 2,400.90 M.2 S 1.057.20 It 208.8 
% 

Backfill a 15668 129,096.00 2092.4 46,032.80 272.4 I 5.992.80 6272.8 138,003.80 208.8 4,593.60 
Bituminous Concrete sr I 160.5 963.00 176.2 1.057.20 
Concrete sr I 239.65 10.065.30 61.03 2,563.26 

314.045.20 11.210.00 Excavation CT 15943 350.637.00 1780 105.020.00 223.60 13,192.40 5322.8 314.045.20 11.210.00 

Loading Enclosure LS I 50* 250.00 50X 250.00 
Plantings LS 50X 6.000.00 50X 6.000.00 | 
Rectory Misc. LS I 100X 2.000.001 
Security Fence (deleted) 1 

6,363.50 Site Clearing LS | 50X 6.363.501 SOX 6,363.50 
422.22 

t 

Sod SY 12111.11 4.222.221 1100 2.200.00 211.11 422.22 

Storage Pile LS | 76X 9,576.001 24X 3.024.00 | 
Topsoi1 CY 473.2 2.366.001 63.5 317.50 | 
Pollution, Erosion 1 

Control LS 76X 760.001 24X 240.00 | 
Site Dewatering (mobil'n) LS 50X 25.001 50X 25.00 I 
Site Dewatering (transp) Ea 4 100.001 4 100.00 | 
Dust Control LS 76X 38.00 24X 12.00 j 
Storage Pile Erosion LS 76X 608.00 24X 192.00 | 
Front Entry SRA (deleted) 
Concrete SRA (deleted) 
Excavation SRA (deleted) 

7,333.44 C01 Security Fence LF 750 12.000.00 458.34 7,333.44 
C02 Orake Ave. RA LS 13.089.00 
C04 Urn. St. SRA LS 49.734.00 | 
C07 Wm. St. BRA LS 3.000.00 | 
C08 Vinyl Fence Rec. LS 363.97 
C09 Gas Tank Rectory LS 630.00 
C010 Traffic Control Rec. LS 2.455.00 
C011 PVC Liner Rectory LS 3.300.00 
C012 Maint. Traffic Wm. St. LS 600.00 | 
C013 Rectory Sprinkler LS 3.700.00 
C01S Rec. Foundation LS 10.614.53 
C016 1- Q.P. Stone LS 3.881.25 
C018 Rectory Sump LS 2.860.00 

32,767.64 
4.284.00 
1,350.00 

3X 
10X 
10X 

1.068.41 
476.001 
150.001 

C019 Stor. Pile Enlargement 
C020 Site Clearing 
C021 Seed and Mulch 

LS 
LS 
LS 

2.860.00 
5X 1.780.95 92X 

90X 
90X 

32,767.64 
4.284.00 
1,350.00 

3X 
10X 
10X 

1.068.41 
476.001 
150.001 

C022 Stor. Site Cleaning | L S 1 45X 1 3,028.50 13X 874.90 2X 134.60 | 39X 2,624.80 IX 67.30{ 
TOTAL CONSTRUCTION 1 1 IJ581.393.17 1235,996.80 IJ21.522.97 | ($493,075.34| IJ17.565.31I 



SUBCONTRACTOR DISPUTES 

This section highlights three disputes which developed during the imple
mentation of the Phase I remedial action program. The details presented 
reflect the evolution of the disputes and the settlements which were 
agreed upon by the parties involved. 

5.1 Bituthene vs Prepave - J. H. Reid Company: 

The specifications for the storage pile pad under Subcontract 
S-1055-MS initially called for the use of a non-woven polypyropy-
lene fabric (Petromat), or an approved equal, to be used between the 
existing and new asphalt courses in the pad area. During the bid 
solicitation period, NLO received a call from Mr. Charles Brinkman 
of Valley Asphalt, Cincinnati, Ohio. Mr. Brinkman was aware of the 
project and dicussed the possibility of substituting a material 
called Prepave for the Petromat as a paving membrane because of its 
superiority in waterproofing and the prevention of reflective 
cracking. NLO requested more information regarding the attributes 
of Prepave. Mr. 3rinkman then quoted a price of $5.85/sq yd for 
Prepave versus the $1.00/sq yd for Petromat. 

Upon receipt of the literature and sample provided by Valley As
phalt, NLO D&D Engineering reviewed the characteristics of the two 
materials to determine suitability and cost effectiveness. Even 
though Prepave was $4.85/sq yd more than Petromat, the cost factor 
was outweighted by the desirability of its waterproofing and reflec
tive cracking prevention capabilities, and was selected. 

Addenda A to Subcontract S-1055-MS was prepared specifying this 
change in early April prior to bid opening. Since Prepave was a 
regional material, New Jersey contractors did not have knowledge of 
it. Pierco Company and J. H. Reid Company representatives called 
NLO during the bid solicitation period to obtain names and address-
ses for the suppliers of Prepave which were needed for estimating 
quantities and costs. 

On May 23, 1980, well past the receipt and opening of the bids, 
NLO received a call from Mr. John Bellochio of W. R. Grace Company, 

. manufacturers of Bituthene. Mr. Bellochio informed D&D personnel of 
a material (Bituthene) similar to Prepave, also having superior 
waterproofing capabilities. At that time NLO declined considering 
using Bituthene, since the subcontract was in the award stages with 
J. H. Reid. 
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On June 24, 1980, D&D field personnel were visited by Mr. Bellochio 
in Middlesex. The visit was informational, but the Grace product 
was demonstrated to have superior capabilities, even over Prepave. 
Mr. Bellochio asked NLO to reconsider using Bituthene, citing 
the documented performance of the material compared to the limited 
documentation of Prepave. Since the subcontract had been awarded 
to J. H. Reid, Mr. Bellochio was referred to them for any matters 
related to the substitution of materials required in the specifica
tions. Subsequently, J. H. Reid formally requested NLO to approve 
Bituthene as an equal to the Prepave material. 

Further information was obtained from W. R. Grace documenting 
the performance of the material. Mr. Bellochio stated that the 
Georgia DOT performed a study on the material. At this time, D&D 
and FBDU personnel were impressed by the material and decided to 
contact Valley Asphalt for similar performance documentation for 
Prepave. 

Valley Asphalt informed NLO of various agencies documenting perform
ance of Prepave, one of which was Georgia DOT. A call was made to 
Mr. Wouter Gulden, followed by one to Mr. Hugh Tyner. In both 
cases, Georgia DOT never used Prepave. Other information offered by 
Valley Asphalt resulted in limited performance documentation reduc
ing their credibility, as well as that of the material. 

Finally, Bituthene was approved equal to Prepave by NLO, with 
the concurrence of Mr. James Keithley of FBDU. This allowed the J. 
H. Reid Company, successful bidder for Subcontract S-1055-MS, 
to choose which material the company would like to install. 

The dispute between NLO and Reid concerning Bituthene arose over 
the price negotiation. A.cost differential of $40,000 was high
lighted by Mr. Brinkman at a meeting held at NLO on June 24, 1980. 
Following this discussion, NLO performed a cost analyses using 
the two different materials and found that substantial savings 
in materials unit cost did exist by using Bituthene. In order 
to protect the public trus t , NLO approached Reid in order to 
adjust this gap. 

A meeting was held in Middlesex on September 10, 1980, with J. 
H. Reid Company to settle this dispute. J. H. Reid explained that 
any cost differential in materials cost unit was offset by the 
additional labor and material requirements for installing Bituthene. 
This was confirmed by NLO field personnel and Mr. H. C. Heareth, NLO 
Consultant. NLO proposed to accept Reid's position that no price 
negotiation was needed and with concurrence from Management, the 
dispute was settled. 
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5.2 Smoothing-]eveiing Course: J. H. Reid Company: 

An additional dispute arose with the J. H. Reid Company concerning 
a smoothing-leveling course of Bituminous concrete placed on the 
existing paved surface in the pad area. This work was determined to 
be necessary after field inspection of the asphalt by W. R. Grace 
engineers, and concurrence by NLO and FBDU f i e l d engineering. 

The dispute arose over the unit price for this work. Reid Company 
based this price on a percentage per thickness of material of the 
three asphalt items included in the approved contract. NLO did not 
agree with this approach and discussed this problem at the September 
10 meeting in Middlesex. Mutual agreement of a negotiated price for 
this item was reached at this meeting. 

5.3 Measurement of Excavation and Backfill - Conti Construction: 

The measurement of excavation and backfill as specified in Subcon
tract S-1057-MS, was based on truck load measure. This method is 
a standard engineering practice especially when small quantities of 
dirt are involved. NLO field personnel realized that a difficulty 
existed in adequately keeping track of excavated material by this 
method and requested at the pre-construction conference that excava
tion be based on cross section of the excavated area. At this time 
Conti agreed to the method; however, no contract modification was 
initiated to document this change. 

Approximately two weeks into excavation at the Rectory, Conti 
submitted a payment voucher for excavation based on the truck load 
measure. The dispute arose over this because neither NLO nor FBDU 
field personnel had adequately measured the trucks during this time 
period. NLO field personnel suggested that payment be based on the 
average water level capacity of each of the three trucks to correct 
this. This was not accepted by NLO Project Management since i t was 
apparent that full truckloads were not hauled. 

Many meetings were held subsequent to this payment voucher in order 
to close the gap between the truckload quantity and actual quanti
ties of soil removed. The f i r s t meeting was held in Middlesex on 
September 11, 1980. Conti Construction maintained a position that 
according to the specifications, the company was entitled to the 
money for removed material to date, based on truck load measure. 
NLO insisted that the specifications only based payment on materials 
actually removed. No settlement was reached at this meeting. 
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Another meeting was held at NLO on September 30. Discussions 
again were based on the interpretation of the specification and 
what NLO would allow for payment. This meeting eventually resulted 
in both parties negotiating a final quantity of 5943 cubic yards, 
compared with the original submission of 6794 cubic yards for the 
work at the Rectory. . 
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RADIOLOGICAL SUPPORT AND ENVIRONMENTAL SAFETY AND HEALTH 

Radiological support and health physics coverage are essential elements 
in remedial action work such as that described in this report. During 
the Middlesex Phase I remedial action operation, these support services 
were performed by Eberline Instrument Corporation, Santa Fe, New Mexico. 
Throughout Phase I Eberline provided: 

o Radiological consultant services for remedial action program 
planning, implementation, and evaluation. 

o In-field personnel monitoring and radiological health-safety 
assurance during remedial action operations. 

o Environmental monitoring and safety assurance during remedial 
action operations. 

i 

° Radiological support for remedial action engineering and 
construction activities, including excavation guidance and 
equipment monitoring and decontamination. 

Details of Eberline's health physics, environmental monitoring, and 
radiological measurements programs are contained in their report "Radio
logical/Environmental Support Program Report - Phase I Middlesex Sampling 
Plant and Vicinity Properties Remedial Action" dated September, 1981. 
Presented herein are summaries of the results of the project, based 
upon data contained in the Eberline report. 

Additional radiological measurements support was provided to the project 
by DOE-Nevada Operations Office through their contractors, EG&G and 
Desert Research Institute (DRI). 

6.1 Health Physics: 

The purpose of the personnel radiation protection program implemen
ted during the Middlesex Phase I clean-up operation was to insure by 
system design and operational procedures that the dose equivalent 
received by all site personnel was consistent with an ALARA philoso
phy. To implement this philosophy,al1 procedures were prepared with 
the intent to limit the dose equivalent to the non-occupational 
criteria specified in DOE Manual, Chapter 0524. 

a) Personnel Training: 

All f u l l time personnel working at the Middlesex Sampling Plant 
Site and associated cleanup activities received introductory 
training in basic health physics principles and site specific 
procedures. This training was given by an Eberline health 
physicist or equally trained person. 
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After completion of t r a i n i n g , the rec ip ient signed a statement 
which acknowledged comprehension of the t o p i c s d iscussed. 
This statement was then f i l e d w i t h the employee's ex te rna l 
radiat ion exposure history (form NRC-4), resul ts of ur ina lys is 
and any other pert inent information which documented exposure 
experience. 

b) Personnel Radiation Protection and Monitoring - External Hazards: 

External r a d i a t i o n exposure was considered t o be a minimal 
hazard at the Middlesex Sampling Plant; however, to document the 
exposures a c t u a l l y r e c e i v e d , a l l f u l l t ime personnel and 
v i s i t o r s were badged with Eberline thermoluminescent dosimeters 
(TLD's). 

TLD's were issued or col lected each time personnel were pro
cessed through the access con t r o l t r a i l e r . A d m i n i s t r a t i v e 
personnel retained t h e i r badges un t i l leaving the s i te for the 
las t time eacn day. To prevent the accumulation of extraneous 
ambient rad ia t ion,a i1 personnel dosimeters were removed from the 
s i te each evening and placed with the control dosimeters. TLD's 
were exchanged monthly. 

A t o ta l of 160 personnel were monitored by TLD during the Phase 
I Middlesex operation (July-November 1980). Of these, only 
seven (7) i n d i v i d u a l s rece ived recordable exposures (Table 
6-1) . A l l recorded exposures were well below the annual al low
able exposure to general population groups (170mRem whole body 
and 500mRem skin dose equivalents) . 

TABLE 6-1 
TLD RECORDABLE EXPOSURES TO MIDDLESEX 

PHASE I PERSONNEL 
ACCUMULATED DOSE (mRem) 

INDIVIDUAL WHOLE BODY SKIN 

A 22 22 

B 10 10 

C 15 15 

0 0 11 

E 15 15 

F .0 11 

G 10 10 

ALL OTHERS (153 INDIVIDUALS) 0 0 
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Additionally, gamma surveys were performed monthly or as needed, 
when new areas were uncovered or more contaminated material was 
brought on site, to detect any unanticipated radiation levels. 
This survey entailed the use of a portable 6.M. survey meter 
with measurements taken at 10 to 20 commonly occupied locations. 

c) Internal Hazards 

Since the radionuclides of concern were natural uranium and 
226R3f the potential for internal hazards existed at the 
Middlesex Sampling Plant Site. A series of safeguards were 
employed similar to a defense in depth concept. All personnel 
were advised of the nature of internally deposited radioisotopes 
and the importance of good hygiene principles during the initial 
training session. 

o Respiratory Protection: 

To prevent contaminated dust from being generated, the health 
physics staff supported the contractor by suggesting methods 
for dust suppression sucn as watering the soil, limiting vehicle 
speeds over contaminated areas and covering vehicle loads. To 
confirm the absence of an airborne hazard, sample personnel 
occasionally wore portable breathing zone air samplers when 
performing suspect tasks« 

o Bioassay: 

To verify the adequacy of the respiratory protection and 
contamination control procedures, a bioassay program 
suitable to detect internal deposition of radium and total 
uranium was conducted for all full time employees. Each 
employee submitted a 32 ounce urine sample upon initiation 
of his project activities, after each 30 working days, 
and after termination. 

All hygiene procedures were consistent with USNRC Regulatory 
Guide 8.22 to prevent external contamination of the sample. 
In compliance with the Guide, samples were not collected 
onsite. Analysis for radium was by radon emanation; for 
total uranium, by fluorometry. 

Bioassays (urine analysis) were conducted for a total of 108 
individuals during Phase I activities (July-November 1980). 
Total uranium concentrations for 101 individuals were less than 
5ug/l. Of the remaining seven individuals, the highest re
corded level was 14ug/l total uranium (Table 6-2), which is 
less than the designated action level for uranium concentration 
in urine (15-30 ug/1) as specified in USNRC Regulatory Guide 
8.22: Bioassay at Uranium Mills. Levels of " 6Ra in urine 
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were less than .15 pCi/1 for 100 ind iv idua ls . Of the remaining 
eight ind iv idua ls , the highest recorded level was less than .48 
pCi/1 (Table 6 - 2 ) , which i s one -ha l f the der i ved i n v e s t i 
ga t i ve leve l (1 .0 pC i /1 ) as c a l c u l a t e d in accordance w i th 
ICRP Publication 10, Evaluation of Radiation Doses to Body 
Tissues From In te rna l Contaminat ion Due to Occupational Ex
posure. 

TABLE 6-2 
BIOASSAY RESULTS FOR PHASE I PERSONNEL 

INDIVIDUAL TOTAL U (ug/1) 2 2 6 R a ( p C 1 / 1 ) 

A 6 <.10 

B 8 <.10 

C 6 <.10 

D 9 ^ <.10 

E 8 <.08 

F 14 <.05 

G 6 <.33 

H <5 <.25 

I <5 <.48 

J <5 <.33 

K <5 <.18 

L <5 <.20 

M <5 <.29 

N <5 <.30 

ALL 0THERS(94 INDIVIDUALS) <5 <.15 

Addit ional Rest r ic t ions/Moni tor ing: 

No smoking or eating was allowed w i th in the cont ro l led access 
a rea . Dr ink ing water was a v a i l a b l e w i t h i n the c o n t r o l l e d 
access area only in covered containers. Coffee or other drinks 
could be brought in to the cont ro l led area only in disposable 
cups which were disposed of immediately a f t e r use. 
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d) Access Control 

Access control of contaminated areas was a significant part 
of the radiation protection program. All personnel were admit
ted to the site through an access control trailer. This trailer 
was equipped with showers, wash basins, and loclcers for storing 
personal clothing. It was manned by a health physics techni
cian, and served as the access control point between contami
nated and clean areas. A controlled access gate for vehicles 
and other equipment was located near the access trailer and was 
operated by the health physics technician. No personnel or 
equipment were allowed to exit the restricted area without 
direct authorization by a member of the health physics staff. A 
log of personnel and vehicle ingress and egress from controlled 
areas was maintained throughout Phase I. 

o Personnel Access Control: 

As part of the controlled access concept, all construction 
personnel wore suitable protective clothing to prevent 
radioactive' materials from leaving the site. Each time 
a worker entered the controlled area through the access 
trailer, he was issued a set of radi ol ogi cal ly clean 
clothes which included underwear, socks, coveralls, gloves 
and shoe covers. All administrative personnel and visitors 
donned shoe covers prior to entering the controlled areas. 

Upon leaving the controlled area, personnel removed their 
shoe covers and gloves at the entrance to the access 
trailer. A health physics technician surveyed each in
dividual, with special emphasis at suspect areas such as 
hands, forearms, face, hair, knees, thighs and shoes. The 
survey instrument used was an Eberline HP-210 thin window 
"Pancake" G-M detector connected to an alarming analog 
ratemeter. The alarm point was set numerically equivalent 
to twice the background count-rate. 

After release by the health physics technician, personnel 
showered, dressed into street clothes, and exited via 
the rear door of the access trailer. Coveralls and other 
articles of protective clothing were reused at the discre
tion of the health physics technician, if determined to be 
radiologically clean. 

Whenever decontamination activities occurred away from 
the Middlesex Sampling Site, a restricted area was desig
nated around the work area. Neither personnel nor equipment 
were allowed to cross the access line without authorization 
by the health physics technician. All construction workers 
were transported in a specifically designated vehicle to 
and from the site. Upon returning to the Middlesex Sampling 
Site, all personnel were radiologically cleared through 
the access control trailer according to the previously 
defined procedure. 
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Throughout the entire Phase I operation, only one individual 
accumulated sufficient contaminated material (mud from 
working in a trench) on his overalls to trigger the survey 
meter. 

° Equipment Monitoring/Access Control: 

A strict program of equipment monitoring, access control, 
and decontamination was enforced throughout the cleanup 
operations. The purpose of this program was to minimize, 
the possibility of even further spreading of contaminated 
material as a result of human activities, i.e., the remedial 
actions. 

The procedures employed were consistent with an ALARA 
philosophy and with the draft ANSI Standard N13.12 "Control 
of Radioactive Surface Contamination on Materials, Equip
ment, and Facilities to be released for Uncontrolled Use." 

Access control for equipment was maintained by a barrier 
between the access control trailer and the garage. For 
remedial action activities remote from the Middlesex Sam
pling Site an access control line was designated by agree
ment of the health physics project engineer, contractor, and 
NLO. Personal vehicles, tools or other equipment were 
discouraged from entry into the controlled access area. 

If vehicles or other equipment became mud splattered such 
that the contaminated surfaces were shielded and not suit
able for direct monitoring, the item was cleaned prior 
to being surveyed. A decontamination pad was available on 
the Sampling Plant Site which collected the wash down 
water. 

Exposed surfaces on soil haulage trucks were surveyed by a 
health physics technician when leaving the remote site and 
again on the return as they left the Sampling Plant Site. 
An additional access control point was manned, as required, 
by a health physics technician at the Wood Avenue gate. 

Criteria for distinguishing contaminated items were those 
by ANSI N13.12, Table 2, Group 3, being 1000 dpm/100 cm2 

removable and 5000 dpm/100 cm2 total activity. Consistent 
with ALARA, the design goal for all equipment leaving 
the site was 20 dpm/cm2 removable, and undetectable (<100 
pCi/cm2) total activity (ANSI N13.12, Table 2, Group 1). 
Equipment contaminated greater than the design goal but less 
than the criteria were released only as authorized by the 
health physics technician. 
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Application of these criteria was by direct surface monitor
ing for total alpha and beta activity using portable instru
mentation. 

Whenever contamination was found, indirect surface monitor
ing (smear or swipe samples) was performed. Swipe samples 
were analyzed with an Eberline SAC-4 for alpha and HP-210/ 
SH-4 for beta activity. 

Routine washing of equipment (backhoe, trucks, compactors, 
bulldozers) generally removed contamination to below detec
table levels. In one instance, a soil compactor had to be 
dismantled before contaminated soil trapped inside could be 
located and removed. In no case was any item released which 
exceeded the design criteria. 

6.2 Erosion and Dust Control: 

The spread of water and wind born contamination was held to a 
minimum, using standard construction methods. Erosion control 
was implemented with the use of straw bales. During excavation, 
Conti Construction channeled runoff to a sump area, which retained 
the water until it was radiologically monitored for release. 

Dust control was implemented by the wetting of soil. During 
excavation, the soil was continuously dampened-, but not saturated. 
This method proved effective. 

6.3 Severe Weather Action Plan: 

Due to the sensitivity of the project, with regards,to containment 
of contaminated materials, NLO established a Severe Weather Action 
Plan which was to be implemented in the event of inclement weather. 
The plan was set up as follows: 

a) Condition for Initiating Action 

In the event of severe weather conditions, including hurricanes 
and tornadoes, action was to be initiated by NLO to prepare 
excavation and storage sites for heavy rain and winds. 

At the first sign of public notification of the possibility 
of severe weather conditions, the Resident Engineer was,required 
to call the U. S. Weather Forecast Service for the North Jersey 
Area (936-1212). If conditions were found to be favorable, 
but not imminent, for a severe storm, the Resident Engineer 
would impose a yellow alert condition on the Project. Red 
alert conditions constituted warnings of impending heavy rains, 
a hurricane or tornado probabilities. 
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J . W. Boyer 

N. D. Adair 
Mayor Ronald Dobies R. Horvath 

Or. Ronald Cohen 
(968-6239) 

J. A. Brown 
or 

T. A. Poff 

J. Reid 
or 

N. Conti 

F. Dickinson 
FBDU 

G. Phillips 
Eberline 

During a severe weather occurrence in off-hours, the individuals designated 
were responsible for informing the Resident Engineer where they could be 
reached if other than indicated. If contact could not be made in the notifi
cation scheme, then the caller was expected to notify the succeeding indivi
duals to maintain the call-in notification chain. 

FIGURE 6-1 SEVERE WEATHER ADVISORY BOARD 
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b) Severe Weather Advisory Boara 

A Severe Weather Advisory Board (Figure 6-1) was to be convened 
when the conditions were favoraole for severe weather d is tu rb
ances. The Board cons is ted of J . W. Boyer (NLO) Chairman; 
N. D. Adair (NLO), J . A. Brown or T. A. Poff (NLO), F. Dickinson 
(FBDU), 6. Ph i l l i ps (Eber l ine) , J . Reid ( J . H. Reid Co.) or 
N. Cont i (Conti C o n s t r u c t i o n ) , Dr. Ronald Cohen (Borough) 
or designated representatives. 

c) Yellow Alert and Response 

Yellow Alert consti tuted meteorological conditions that were 
favorable for severe weather occurrences, but did not pose a 
threat to continuing construction work. The Board convened 
under ye l low a l e r t c o n d i t i o n s , d iscussed the cond i t i ons at 
hand and acted according to a m a j o r i t y v o t e . The minimal 
ac t i on taken by the Board at t h a t t ime was t o upgrade a l l 
e ros ion and runo f f containment a c t i v i t i e s at each working 
s i t e and to mob i l i ze the excavat ion s i t e dewater ing u n i t s . 

The U. S. Weather Forecast Service was contacted at l eas t 
hour ly as cond i t i ons p e r s i s t e d . I f i t was i nd i ca ted t ha t 
cond i t i ons were not improving a f t e r these communications, 
the Board would reconvene and d iscuss the a d v i s a b i l i t y of 
s ignal ing a red a l e r t , and would act according to a major i ty 
vote. 

d) Red Aler t and Response 

Upon i n i t i a t i o n of the red a l e r t , a l l construct ion operations 
were to cease and a l l work areas secured as necessary t o 
prepare for the impending poor weather at the d i r e c t i o n of 
the Resident Engineer. 

e) Off-Hours Response 

In the event of severe weather c o n d i t i o n s occu r r i ng dur ing 
of f -hour periods, the Resident Engineer could issue* a red a le r t 
response for prevai l ing weather; however, i t was necessary for 
him t o confer w i t h the Borough Po l i ce Department to assess 
ex is t ing conditions at the Sampling Plant S i te . 

Due to the drought cond i t i ons e x i s t i n g dur ing the Phase I 
operat ion, the plan was not formally implemented, except for 
i tem (c ) above, f o r a storm on August 1 1 . A f t e r con fe r ing 
with the Middlesex Police Department at 11:05 p.m. t h i s date, 
i t was deemed that no act ion was necessary. 

On four o ther occas ions, the U.S. Weather Forecast Serv ice 
was contacted; however, due to the type and sever i ty of the 
weather, again no act ion was taken. 
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6.4 Truck Accident Spi l l Response: 

In case of a vehicle mishap while t ransport ing contaminated mate
r i a l s on pub l i c t h o r o f a r e s , NLO planned t o i n s t i t u t e a Truck 
Accident Sp i l l Response, a plan to immediately implement a cleanup, 
operation to insure the safety of the pub l i c . The plan was set up 
as fo l lows: 

a) Noti f i ca t ions 

In the event that a truckload of low level contaminated soi l or 
debris was involved in a highway mishap, the emergency plan was 
u t i l i z e d . N o t i f i c a t i o n was made t o NLO Management and the 
Borough, Township and New Jersey Department of Environmental 
Protect ion. A news release to the media was made by the Resi
dent Engineer or his designated representat ive. 

b) Determination of the Truck Accident Location 

Communication existed between excavation s i tes and the sampling 
s i te via two-way radio. A predetermined t rave l time between the 
excavat ion s i t es and the Sampling Plant s i t e enabled c lose 
s c r u t i n y of the expected a r r i v a l t imes of the t r ucks a f t e r 
leaving the excavation s i t es . Thus, i f a truck was more than 10 
minutes late in a r r i v i n g , NLO personnel responded by checking 
the designated t ravel route from both the excavation and Plant 
s i t es . This insured prompt act ion by a cleanup crew and d i s 
patch of the necessary radio logical support personnel. 

c) I n i t i a l Emergency Action 

Upon n o t i f i c a t i o n of a t ruck spi11 i n c i d e n t , r a d i o l o g i c a l 
support personnel were required to go d i r e c t l y to the accident 
s i t e w i t h necessary equipment. In a p r i o r agreement w i th 
the excavat ion subcon tac to r , workers from the excavat ion 
s i te would be cal led upon to assist in cleanup e f f o r t s . 

Emergency o f f s i t e response inc luded c o n t a c t i n g the p o l i c e , 
f i r e department, ambulance/paramedic uni ts and wrecker towing 
serv ice, i f needed, as fo l lows: 

BOROUGH 

Police 356-1900 
968-1600 
356-1900 
968-1600 
356-1950 

Fi re 

Rescue Squad 
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Wrecker towing se rv i ce was prearranged and c a l l e d in the 
fo l lowing l ine of succession,- depending upon immediate a v a i l 
a b i l i t y . 

o Carney 
Scotch Plains, New Jersey - 889-4700 

° Action Loaders 
South P l a i n f i e l d , New Jersey - 561-1035 

o Dave's Friendly Texaco 
Somervi l le, New Jersey - 526-3999 

The order of succession was determined by the p rox im i t y to 
the truck route and capab i l i t y for heavy duty towing. 

Emergency Equipment and Materials 

Equipment was designated fo r exclusive emergency use and stored 
at the Sampling Plant s i t e , and inc luded a van con ta in ing 
a i r samplers and portable vacuum sweeper and equipped wi th an 
e lec t r i ca l generator. Equipment was secured that allowed a safe 
and e f f i c i e n t means of cleanup. Both an uncontaminated f ron t -
end loader and functional truck was avai lable for immediate use 
in an accident s i t ua t i on . 

A supply of ma te r i a l s was mainta ined at the Plant s i t e and 
designated for exclusive emergency use as fo l lows: 

Rope 
Barri cades 
Bag Lime 
Plastic Sheeting 

Shovels 
Portable Vacuum Sweeper 
Drums (55-gal.) 
Drum Lids and Rings 

6-11 



General Cleanup Procedure 

Any cleanup operation was to be directed by NLO and assisted 
by radiological support personnel. As soon as the radiological 
support personnel would have reached any accident area, survey 
monitoring would have been initiated and rope barricades con
structed to completely surround the s p i l l . Two personnel air 
monitors and one high volume air monitor were planned to be set 
up. Lime was to be used to mark a perimeter surrounding an area 
constituting the maximum size of the spilled load. The dumped 
load was to be shoveled and swept into one pile. Individuals 
performing this task would have been required to wear coveralls, 
respirators and rubber shoe covers. A vacuum was to be used to 
follow behind the shoveling and sweeping operations to ensure 
total cleanup of the spilled area. 

The dirt in the pile was to be placed onto a front-end loader 
assisted by the use of hand shovels. Some dirt could have been 
placed into 55-gallon drums to facilitate transportation to the 
Sampling Plant site. After the spilled load was secured for 
moving to the Sampling Plant site, the transporting truck was 
to be monitored before proceeding. The overturned truck was to 
be uprighted, monitored and brushed down i f necessary onto 
plastic sheets. These plastic sheets were to be placed into 
55-gallon drums for transportation to the Plant site. The 
functional truck was to be released to the Sampling Plant site 
to deposit any filled and closed 55-gallon drums. When sweeping 
and vacuuming of the street was completed, the front-end loader 
was to be brushed down onto plastic sheets and then monitored. 
Repeated brushing and monitoring could be necessary for release. 
All equipment was to be washed in a designated area at the 
Sampling Plant site for release. 

The cleanup procedure was approved by the Borough Board of 
Health Officer, Township Engineer and the New Jersey Department 
of Environmental Protection. 

The Borough of Middlesex offered the services of the rescue 
squad in case of emergency to cover both Middlesex and Pisca
taway. Despite the large number of trips the trucks made, no 
mishaps occurred, thus the plan was not implemented during Phase 
I . 
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Environmental Monitoring 

The major route of activity release other than that related to human 
activities has been by contaminated water or air leaving controlled 
access areas. However, earth moving activities may mobilize particu
lates, thereby spreading the contamination over a wider area. Engineer
ing design such as dust suppression procedures (Section 6.2) were em
ployed to minimize this hazard. 

To confirm the adequacy of these designs an environmental monitoring 
program was implemented to define ambient radionuclide concentrations in 
air and water. Sampling locations for the Sampling Plant and each Phase 
I property are shown in Figures 6-2 - 6-7. 

a) Air Monitoring 

Particulates 

Air particulate samples were collected continuously at four opposite 
access control boundaries per site and at one remote area background 
station. The weather-protected low volume (40 ±10 liters/min) 
samplers were run continuously during the complete operation to 
provide i n i t i a l , operational, and post operational air particulate 
data. 

Filters were exchanged every 48 hours or as dictated by dust load
ings. Filters were inspected frequently to observe visible buildup of 
dust. If filters were "dirty" they were exchanged so as to prevent 
dust on the f i l t e r face from shielding the alpha particles being 
emitted. 

The remaining potential air particulate pathway was dust generation 
from loaded haulage trucks. Engineering design such as water spray 
and a tarpaulin covering was employed to res t r i c t the quantity 
of dust released. To monitor the effectiveness of the dust contain
ment methods employed in hauling the materials, samples were occa
sionally collected continuously along the entire length of the route 
by samplers mounted on a vehicle following the haul trucks. These 
mobile units were battery operated high volume samplers capable 
of operating at about 20 scfm. 

Air particulate filters were analyzed on site by gross alpha counting 
with an Eberline SAC-4 scintillation detector. To allow for radon 
progeny decay, f i l t e r s were counted at least three days after 
collection. 
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By use of the flow ra te , co l lec t ion dura t ion , and deposited a c t i v i t y , 
the average a i r concentration in uCr/ml was determined. This calcu
lated value was compared with the unrest r ic ted MPC for Th-230 in 
a i r provided in DOE Appendix 0524, Annex A Table 2, column 1. This 
isotope has the most r e s t r i c t i v e MPC of the U-238 alpha emit t ing 
long- l ived progeny, being 8 x l O _ ^ u C i / m l . 

Composites of a l l f i l t e r s by locat ion were i so top ica l l y analyzed 
monthly for Th-230, Ra-226, Pb-210 and t o ta l uranium at Eberl ine's 
Albuquerque laboratory to determine the average isotopic a i r concen
t r a t i o n . 

Data from the a i r par t icu late sampling general ly indicate a pos i t ive 
cor re la t ion between excavation a c t i v i t i e s and. airborne, radionuclide 
concentration (Figures 6-8 - 6-10). Following an unexplained high 
level of par t icu la te a c t i v i t y at the i n i t i a t i o n of sampling at each 
s i te (due possibly to sampling, instrumentat ion, or technician error 
in i n i t i a t i n g a new sampling program), a background level near the 
l i m i t of detection (0.002 pCi/m 3) was establ ished. A c t i v i t i e s such 
as ground c lear ing, excavation, demolit ion and sandblasting were 
accompanied by increases in airborne a c t i v i t y , which returned again 
to the background leve l f o l l o w i n g cessa t ion of the o p e r a t i o n s . 
Isotopic analysis of f i l t e r composites showed that even for 230-r/h, 
which has the most r e s t r i c t i v e MPC ( 8 x l 0 - 1 4 uCi/ml = 0.08 pCi/m 3) 
for airborne release, concentrations were general ly less than 1/100 of 
the MPC, wi th the highest being .0009 pCi/m3. 

Radon 

Forty-eight hour composite a i r samples were col lected with pulse 
pumps and bag techniques on a bi-weekly schedule at the a i r pa r t i cu 
la te sampling stations and analyzed for radon-222. Samples were 
analyzed on-s i te using an Eberline SAC-R5 and SC-6 1.5 l i t e r alpha 
s c i n t i l l a t i o n c e l l s . Counting t ime was s u i t a b l e to detec t 0.2 
p C i / l i t e r of radon. 

Outdoor radon concent ra t ions at the excavat ion s i t e s gene ra l l y 
showed a decline a f te r excavation and removal of the material from 
each property (Figures 6-11 - 6-13). Outdoor radon levels at the 
Sampling Plant s i te f luctuated between 0.2 and 1.0 pCi/1 (Figure 
6-14) during the pro jec t . This f l uc tua t ion resulted from excavation/ 
construct ion a c t i v i t i e s at various times on the s i t e , and from the 
dumping, compacting, and sealing a c t i v i t i e s associated wi th bu i ld ing 
the storage p i l e . In no case did the outdoor radon level exceed the 
l i m i t fo r unrestr ic ted areas (3 pCi /1 ) . 

Radon levels were found to be above the acceptable l i m i t in the 
sump room of the Rectory basement a f t e r the decontamination of the 
Rectory grounds had been completed. Temporarily seal ing the sump 
with a sheet of p las t i c dramatical ly reduced the basement radon 
l e v e l s , thereby proving t h a t the sump was the avenue fo r radon 
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entering the basement. In order to reduce the radon to an accept
able level in the basement, a new concrete sump was constructed. The 
new sump was constructed with a sealed cover, sump pump, discharge 
p ip ing, and a vent to tne outside. 

Post remedial action radon monitoring in the sump room is being 
conducted by ORNL. Preliminary data (verbal communication) indicate 
tha t i n s t a l l a t i o n of the sump was e f f e c t i v e i n c o n t r o l l i n g the 
radon levels in the room to below unrest r ic ted area l i m i t s (3 pCi /1) . 

Water Monitoring 

Surface Water 

Water grab samples were col lected da i ly from the south fence drain 
pipe; weekly from the confluence of tne central drainage d i tch with 
Main Stream; twice per week ( l a te r changed to bi-weekly) from the 
pad runof f se t t l i ng basin, from Main Stream at a point approximately 
one-half mi le downstream from the s i te and a point a short distance 
upstream; occas iona l l y from the sep t i c tank ho ld ing the access 
t r a i l e r shower drainage; and from a l l sampling points a f te r any 
s ign i f i can t r a i n f a l l . 
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A l l water samples were analyzed f o r 2 2 6 R a concen t ra t ion w i t h 
approximately 20% iso top ica l l y analyzed for to ta l uranium, and 10% 
for Th-230, Pb-210 and Po-210. Monthly, the soluble and suspended 
2 2 6 R 3 components of the samples were determined. A n a l y t i c a l 
results were compared with the DOE Manual Chapter 0524 discharge 
c r i t e r i a . 

Results from the surface water sampling show that the DOE l i m i t s 
for re lease to u n r e s t r i c t e d areas were not exceeded dur ing the 
pro jec t . At the s i te o u t f a l l , which flows in to a d i tch wi th in a 
res t r ic ted access area, uranium and radium concentrations f luctuated 
due to increased a c t i v i t i e s on the s i t e and also as a resul t of 
increases in waterflow (both natural and pro jec t - re la ted) from the 
s i te (Figure 6-15). 

Uranium and dissolved and to ta l radium concentrations at the o u t f a l l 
were recorded as high as 599 p C i / 1 , 100 p C i / 1 , and 250 pCi/1 respect
i ve l y , however, the f i l t e r dams and/or d i l u t i o n e f f ec t i ve l y reduced 
these concentrations in the water by the time i t entered Main Stream. 
Uranium concentrations in the stream reached 82 pC i / 1 , but were 
generally less than 1/100 of the l i m i t for release (40,000 pCi /1) . 
The concen t ra t ions of 2 2 6 R a in the stream were a lso above the 
upstream background leve ls , but were a l l below the l im i t s (30 pCi/1 
dissolved; 30,000 pCi/1 t o t a l ) , with maximum recorded levels of 21 
pCi/1 dissolved and 9 pCi/1 t o t a l . 

Sediment samples were col lected monthly from the drain pipe and 
downstream water sampling locat ions . Samples were analyzed for 
Ra-226, Th-230, Pb-210, and to ta l uranium. 

Ground Water 

In order to model and monitor the groundwater flow under the Sampling 
Plant area, 15 shallow and 5 deep tes t wel ls were d r i l l e d at selected 
points on the s i te (Figure 6-2) . Water was col lected from these 
wells monthly and analyzed for 226R 3 (dissolved and suspended). 
This program was i n i t i a l l y conducted by ORNL through the i r contrac
t o r , Roy F. Weston, Inc. (Reference 13). Results from the test well 
monitoring show that the shallow (0-5 f t . ) ground water system is 
contaminated from contact with radionucl ide bearing materials under 
the s i t e ' s asphalt surface. The deeper groundwater system is not 
contaminated (one well from which contaminated water was sampled may 
be cross-contaminated from the sur face) . 

TLD Monitoring 

Environmental TLD's were implaced at the 12 par t i cu la te a i r monitor
ing s t a t i o n s and at 10 o n - s i t e l o c a t i o n s , i n c l u d i n g i ns i de the 
Process B u i l d i n g , the A d m i n i s t r a t i o n B u i l d i n g , and the access 
t r a i l e r . A l l environmental TLD's were exchanged quar ter ly . 

Results of the environmental TLD, monitoring demonstrate that exposure 
rates at each of the s i tes during the remedial act ion operations 
averaged about 2 mRem per week. Exposure rates at points on the 
Sampling Plant s i t e are g rea te r than the o f f s i t e l o c a t i o n s , as 
would be expected. 
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5.6 EXCAVATION SUPPORT AND SOIL SAMPLING 

6.6.1 CRITERIA AND IMPLEMENTATION 

a) Introduction 

This section contains aecontamination c r i t e r i a and survey 
implementation procedures that were used for excavation guid
ance, backfill authorization, and site radiological status 
documentati on. 

A major function of Eberline Instrument Corporation (EIC) was 
to assure that the contaminated materials had been removed to 
the criterion level and that possible exposures would be within 
acceptable limits and the remedial action goal of release for 
unrestricted use had been achieved. 

The criteria were based on Department of Energy (DOE) interpre
tation of the DOE/Borough of Middlesex/New Jersey Department 
of Environmental'Protection (NJDEP) Memorandum of Understanding, 
relevant Federal standards, and estimates of potential exposure 
by the most significant pathway. 

The Middlesex remedial action program was initiated prior to 
promulgation of decontamination criteria for FUSRAP operations. 
The standards covering such operations are to be promulgated by 
the Administrator of the EPA in consultation with the DOE within 
12 months of the enactment of the proposed Residual Radioactive 
Materials Control Act. Until such standards are set, site-
specific standards shall be adopted by the Secretary of Energy, 
in consultation with the EPA and, as may be necessary, with the 
respective states, to permit remedial actions to proceed at 
sites such as Middlesex where immediate action is desirable. 

As a guide, the most recent relevant Federal standards for 
cleanup operations are the Interim and Proposed Cleanup Stand
ards for Inactive Uranium Processing Sites (40CFR Part 192). 
Public law 95-604 covering such sites specifically excludes 
sites not eligible for that program; however, since the most 
significant exposure pathway (inhalation of radon decay pro
ducts) associated with the Middlesex properties is the same as 
that for the Mill Tailings sites, the cleanup criteria proposed 
by DOE for Middlesex have been consistent with 40CFR192.12a. 
The criteria have been concurred in by NJDEP, with consultation 
from EPA. 

b) DOE/Borough of Middlesex/NJDEP Memo of Understanding 

The DOE/Borough of Middlesex/NJDEP remedial action agreement 
specifies a decontamination criterion of 5 pCi/g for the 
Middlesex cleanup. Although not specified in the agreement, in 
light of the Mill Tailings Standards, and since i t is a predomi
nant radionuclide at the properties and the most restrictive 
limits apply to i t , 226Ra was interpreted as the radionuclide 
upon which the Phase I criterion was based. 
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c) Adopted Criteria 

Based on the Mill Tailings Cleanup Standards and on interpreta
tion of the intent of the DOE/Middlesex/NJDEP agreement, the 
following cleanup criteria were implemented for the Middlesex 
remedial action. 

Radium-226 Criterion 

Soil concentrations of 226Ra attributable to residual radio
active materials from MED/AEC activities at the site were not to 
exceed 5 pCi/gm (including background) average in any 15 cm-
layer over any 10x10 m area. 

The soil 2 2 6Ra criterion to limit exposure via radon decay 
products is based upon the average concentration of the con
tamination (or emanation) over the entire area of concern 
(10x10m). In an area with nonuniformly distributed contamina
tion, potential exposure resulting from smaller spots that 
exceed the 226Ra level of 5 pCi/g were controlled by the field 
survey methods used during excavation. 

Criteria for Radiation Hazards not Associated with Radium-226 

The cumulative lifetime radiation dose equivalent to any organ 
of the body of a maximally exposed individual resulting from the 
presence of other residual radionuclides such as uranium or 
thorium, shall not exceed the maximum dose equivalent which 
could occur from 226R3 and its decay products. 

ALARA 

It is DOE policy to maintain radiation exposures to a level As 
Low As Reasonably Achievable (ALARA) and within the guidelines 
provided in DOEM 0524. Operations, such as the Middlesex 
remedial action, are conducted Min a manner to assure that 
radiation exposure to individuals and population groups is 
limited to the lowest levels technically and economically 
practicable." 

6.6.2 Excavation Guidance and Field Controls 

Excavation guidance, soil sampling, and backfilling followed 
the steps outlined in Figure 6-16. 

a) Initial Conditions 

Previous surveys by ORNL and FBDU had already character
ized the radiological conditions at the sites, and the 
estimated extent of contamination had been mapped. 
Further subsurface information was deemed necessary to 
accurately control the digging depths. An additional 39 
cores were drilled at the Rectory property, 3 cores 
drilled on the Playground property, and 19 cores drilled 
at the William Street property. The holes were gamma-
logged using a shielded 2Mx2" Nal gamma scintillation 
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detector, and sections o f - s o i l cores were analyzed wi th a 
4"x4" Nal detector. This information provided digging 
depth pro f i les that enabled prel iminary f i e l d control over 
the excavation process. Core data was also obtained from 
Rosamilia's and Kays' proper t ies. 

Using the estimated extent of contamination as a guide, 
the Radio log ica l Support Subcont rac tor conducted an 
i n i t i a l boundary surface survey at each excavation s i t e to 
locate the current extent of contamination and marked i t 
t o prov ide guidance f o r the ope ra t i on of excavat ion 
equipment, the 2"x2" Nal gamma s c i n t i l l a t i o n detector was 
used fo r t h i s survey along w i t h EG&G's j_n s i t u HPGe 
detection system (Imp). The Imp surveyed on a 5 meter 
g r i d reading a c i r c u l a r area of rad ius 2.5 meters . 
Pre-cleanup data of the propert ies i s included in Figures 
6-17 t o 6 - 2 1 . I t was determined from gamma readings 
above the surface of the Drake Avenue pavement (Table 
6-3) and from so i l samples col lected from around the sewer 
l i ne underlying the pavement (Table 6-4) that contaminated 
material from the Rectory yard had probably been mixed 
in with back f i l l when the l i ne was constructed, and that 
t h i s material should be removed as part of the Rectory 
remedial ac t ion. 

Excavation Guidance 

Excavation proceeded downward in each affected area by 
removal of so i l to the contour indicated by the pre l imin
ary soi l cor ing. The exposed so i l was then scanned with 
the 2"x2" Nal gamma s c i n t i l l a t i o n detector to determine i f 
gamma levels corresponding to 2 2 6 R 3 concentrations of 5 
pCi /g in the s o i l had been approached. An i t e r a t i v e 
appl icat ion of cu t t ing and scanning continued un t i l t h i s 
level was reached. 

P e r i o d i c a l l y , s o i l samples were c o l l e c t e d dur ing the 
excavation process and readings on the 4"x4" Nal detector 
were recorded to corre late i n - f i e l d measurements with a 
more re f i ned techn ique . When the 2"x2" Nal de tec to r 
recorded gamma levels corresponding to 5 pCi/g 2 2 6 Ra in 
the s o i l , the Imp then surveyed the excavated area on 
25m2 gr id blocks to provide quant i ta t i ve data on remain
ing average 2 2 ^Ra l eve l s in the sur face s o i l (See 
Figures 6-22 to 6-26). An average of four 25 m2 data 
points were used to determine the lOOm2 average values. 
Addit ional material was removed as needed to reach the 
c r i t e r i o n . A f t e r the complet ion o f the excavat ion t o 
c r i t e r i o n leve ls , the EV-ECT rad io log ica l survey contrac
t o r , ORNL, conducted an on-s i te survey to establ ish the 
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post clean-up radiological condition. This included 
surface scanning with a -Nal scintillation detector and 
collection of biased soil samples from any areas that were 
recorded as 2x background. An action level of 2x back
ground used by ORNL indicated small additional areas 
within the excavation area that were cleaned up at the 
request of 0R0. 

Confirmatory Sampling/Analyses 

Certification soil samples were collected on each grid 
point of a 2 meter x 2 meter grid that was constructed 
within the master 10 meter x 10 meter grid. The steps 
through which each sample was processed are shown in 
Figure 6-27. A block of soil measuring 10cm x 10cm, was 
taken from the top 15cm of soil at each grid point to form 
the sample. Samples were placed in labeled 1/2 gallon 
metal cans, sealed, and transported to the field counting 
lab for reading on the 4"x4" Nal system. The soil block 
comprising the sample was broken, dried and mixed, and 
25 aliquots from each 10 meter x 10 meter area were 
combined to form a composite. Aliquots from the compos
ites were made available for ORNL, NJDEP, and EIC with a 
fourth composite stored in archives at the Sampling Plant 
site. EIC recorded the composite readings on the field 
lab 4"x4" Nal counting system before sending the samples 
to their lab in Albuquerque for Ge(Li) gamma spectrometry 
and radon de-emanation analyses. These analyses will 
serve to confirm the results from the field lab and will 
document the average Ra 2 2 6 levels achieved as a result 
of the remedial action. 

Backfilling of the excavation was commenced following 
completion of soil sample collection, and scanning of 
the surface by ORNL. 

Results of the soil sample analyses as well as in-situ 
measurements, indicate that contaminated material was 
removed to" a 2 2 6Ra level below the criterion (Tables 6-5 
to 6-8; Figures 6-22 to 6-26). See Reference 14 for 
chemical analysis results. 

Vegetation and Backfill Material Sampling 

Samples of vegetation, including wood chips and leaves, 
were taken from the contaminated area of the Rectory 
lawn and analyzed for 2 2 6Ra content to determine what 
the final disposition of this material should be. Results 
(Table 6-9) indicate that there may be some difference 
in uptake between species; however, the number of samples 
was very small and other variables may have influenced 
the outcome. 

6-33a 



Vegetation from the Rectory, Rosamilia, and Kays proper
t i es was incorporated in to the storage p i l e , but that from 
the 432 Will iam Street property was removed by unknown 
persons before i t had been t ransferred to the Sampling 
Plant. Analyt ical resul ts for the same type of vegetation 
(maple t rees) from the Rectory ind icate that no rad io log i 
cal hazard should resul t from possession or burning of the 
wood. 

Samples of so i l to be used for back f i l l were analyzed 
for 226R 3 by gross gamma counting on the f i e l d lab 9" x 
4" Nal system at EIC's Albuquerque lab . Composite samples 
were col lected from the trucks de l iver ing the back f i l l 
soi l and from the l a n d f i l l in Bound Brook, which was the 
source of back f i l l ma te r ia l . The average 22(>Ra concen
t r a t i o n of the b a c k f i l l samples was 1 t o 1.5 p C i / g . 

6.7 Discussion of Results 

6.7.1 Health Physics Program 

Results from the personnel monitoring program (TLD and 
u r i n a l y s i s ) and access con t ro l logs (personnel and 
vehicles) demonstrate that for the a c t i v i t y levels of the 
type of material encountered and the types of exposures 
during t h i s kind of remedial act ion work, doses to i n d i v i 
duals involved with the project were very low, most at or 
near background leve ls . The highest recorded whole-body 
gamma dose (22 mRem) for the 6-month project was only 13% 
of the annual a l lowab le dose commitment f o r average 
population groups (170 mRem) and the highest concentration 
of 2 2 ^Ra and uranium found i n u r i ne samples d id not 
exceed the invest igat ion levels for those radionuclides 
( invest igat ion level = 5% of the occupational dose commit
ment). 

6.7.2 Erosion and Dust Control/Environmental Monitoring 

Results from the environmental monitoring program (a i r 
par t i cu la tes , radon, radon daughters, surface and ground 
water) demonstrate that although some releases associated 
w i t h remedial a c t i o n a c t i v i t i e s occurred v ia each of 
these pathways, none exceeded appl icable guidel ines or 
standards. Low airborne par t icu la te a c t i v i t i e s show the 
effectiveness of the dust control methods used. Elevated 
concent ra t ions of so lub le 2 2 f>Ra i n s i t e r u n o f f water 
during periods of on-s i te construct ion ind icate a pathway 
which may deserve more a t tent ion to c o n t r o l , pa r t i cu l a r l y 
for s i tes without res t r i c ted access areas through which 
discharge streams may f l o w . The comment on e f f l u e n t 
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water is mentioned only-as a precaution for other sites 
remedial work. At Middlesex, if not for the length of the 
drainage ditch flowing through a restricted area, efflu
ents would have exceeded guidelines. 

.3 Excavation Support and Soil Sampling 

Results of the cleanup of the five Phase I properties are 
summarized below: 

Volume 2 2 6Ra Level 
Property (yds 3) A Achieved (pCi/g)B 

Rectory 

(including playground) 4316 1.10 

432 William Street 1246 1.13 

Rosamilia 3726 2.02 

Kays 133 2.15 

TOTAL: 9421 x = 1.6 

A - Compacted quantities 
B - Results from Ge(Li) analysis 

Several points are demonstrated by these data: 

a) The volumes of material actually excavated are much 
greater than the volumes originally projected. When 
the volume for the additional two properties is 
subtracted, the volume of material from the Rectory 
and 432 William Street is stil l approximately twice 
the original estimate for Phase I (3000 yd 3). 

b) The final 22f>Ra levels achieved are significantly 
lower than the 5 pCi/g criterion. 
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TABLE 6-3 

GAMMA READINGS ABOVE 
DRAKE AVENUE ASPHALT AFTER SOIL REMOVAL AT RECTORY 

Di stance Shielded Shielded Shielded 
Along Curb 3 ft. from curb 6 ft. from curb 9 ft. from curb 

(See Fig. 6-4) (Counts) (Counts) (Counts) 

OM 3650 2648 1313 
1M 3885 2260 1291 
2M 3335 1541 1277 
3M 3475 1444 1325 
4M 2703 1360 1321 
5M 2586 1355 1283 
6M 2423 1423 1344 
7M 2478 1520 1310 
8M 3168 1678 1402 
9M 3439 2324 1428 
10M 2977 2328 1400 
11M 3950 2698 1412 
12M 3817 2887 1429 
13M 4210 2687 1467 
14M 4589 2500 1486 
15M 4097 1826 1272 
16M 4267 2494 1391 
17M 2694 1922 1371 
18M 2101 1663 1309 
19M 1969 1555 1283 
20M 1879 1482 1316 
21M 2030 1401 1334 
22M 2454 
23M 2798 

Gross Gamma, 30 second counts with Eberline PRS-1 
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I TABLE 6-4-

Jample 
N ° ' " Locat ion/Infnrm a t inn p

2 f R a 

free r i g . 6 - 4 l PCi/g-wet 
50 x 0, Surface Sidewall 
60 x 0, Drain Pipe 5 f t . in< 
20 x 0, under Curb (near l ine) 

60 x 0, 2 f t . down (by brace) 

I û x u, 3 f t . down (under street) 
464 

39 x l, (close to gutter drain) 

1 3̂ x 1, ( c i o s e to gutter drain) 
983 n . 

OutSTde wall of sewer line 

North side of sewer line 

North side of sewer line 

Top of sewer line 

| o270 

•0340 

T0324 

| ]374 

50410 

1'464 

1478 
983 

| l 004 

01004B 

1005 

I 

14.0 
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5.0 

10.9 

4.9 

3.3 

5.5 
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9.7 

4.6 

Results of Sediment Samples 
irpm Inside Sewer Line 

0.9 

1.2 

I 1 2 

423 

I 
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TABLE 6-5-

POST - CLEANUP 226Ra LEVELS 
CHURCH RECTORY 

RECTORY: 

SOIL 2 26Ra CONCENTRATION (pCi/g) 
GRID* Nal 2 Ge(Li)3 

(See F ig. 6-4) 

A 2.04 .64 
B 3.05 .96 
C 4.31 1.75 
D 3.35 1.50 
E . 2.92 1.20 
F 1.91 .61 
G 2.18 .86 
H 1.59 .83 
I 2.46 1.25 

J 2.25 .90 
K 3.88 1.45 
L * 3.95 1.85 
M 2.21 .92 
N .97 .66 
0 2.30 1.85 
P 7.24 4.05 
Q 2.19 .78 
R 2.87 1.03 

S 3.36 1.00 
T 2.22 .69 
U 2.44 .63 
V 2.17 .65 
Wl 2.56 .95 
W2 2.28 .67 
X 2.72 1.05 
Y ' 1.81 .49 
Z 2.50 1.35 

PLAYGROUND: 

A 2.36 1.07 
B 2.14 .75 
C 1.86 .73 
D 2.31 1.03 

SEE FOOTNOTES AT END OF TABLE 6-6 
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TABLE 6-6 

POST - CLEANUP 226pa LEVELS 

432 WILLIAM STREET 

SOIL 226Ra CONCENTRATION (pCi/g) 
GRID* Nal2 Ge(Li)3 

(See Fig. 6-5) 

A 3.49 .87 
B 3.70 1.25 
C 4.64 1.40 
D 2.45 .70 

E 3.29 .99 
F 2.89 .75 
G 3.85 1.65 
H 3.22 .85 

I- 2.89 .85 
J 4.17 2.40 
K 3.07 .96 
L 3.50 .90 

SEE FOOTNOTES AT END OF TABLE 6-6 
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TABLE 6-7 

POST - CLEANUP 226R9 LEVELS 

ROSAMILIA PROPERTY 

SOIL 226Ra CONCENTRATION (pCi/g) 
GRID* Nal2 Ge(Li)3 

(See Fig. 6-6) 

A 3.18 1.75 
B 3.22 1.45 
C 3.01 1.65 
D 3.49 1.85 
E 3.12 1.30 
F 3.80 2.60 

G 4.43 2.40 
H 3.38 2.15 
I 4.24 2.85 
J ' 3.77 1.95 
K 3.57 2.65 
L 3.02 1.10 

M 3.81 2.05 
N 3.65 1.90 
0 4.12 2.25 
P 2.77 1.40 
Q 3.01 1.30 
R 3.00 1.40 

S 3.25 1.65 
T 3.73 3.15 
U 2.44 1.20 
V 3.23 1.65 
W 3.46 2.35 
X 3.48 1.40 

Y 4.06 2.40 
Z 3.83 3.20 
AA 3.45 3.00 
BB 3.67 2.30 
CC 3.53 2.40 

SEE FOOTNOTES AT END OF TABLE 6-6 
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TABLE 6-8 

POST - CLEANUP 226R3 LEVELS 

KAYS PROPERTY 

SOIL 226Ra CONCENTRATION (pCi/g) 
GRID1 Nal2 Ge(Li)3 

(See Fig. 6-7) 

A ,2.88 2.10 

B 3.22 2.15 

C 3.23 2.35 

D 3.05 1.95 

E 3.37 2.25 

F 3.27 2.10 

FOOTNOTES: 

1 Each grid represents an area of approximately 100 m2, from which 25 
samples were collected on a 2x2 m grid system. Aliquots from the 
25 samples were combined to form the composite representing each grid. 

2 Based on 10 minute gross gamma count; shielded 4" x 4" Nal detector. 

3 Based on 400 minute count; average of .352 MeV gamma from 2*4pb and 
609 MeV gamma from 2 1 4 B i . 
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TABLE 6-9 

226Ra CONCENTRATIONS IN VEGETATION SAMPLES 
FROM THE RECTORY 

Material 

Maple Wood Chips 

Maple Leaves 

Cedar Leaves 

Taxus Yew 

Pine Needles 

2 2 6 R a Concentration(pCi/g) 

2.5 +0.8 

2.6 +0.8 

7.2 +2.2 

8.6 +2.6 

0.55 +0.16 

Analysis by Radon Emanation 
Results expressed on dry weight basis. 
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c) The leve l of 2 2 6 R 3 achieved as a r e s u l t of the 
cleanup rose as more experience was gained and less 
d i r t was removed to meet the c r i t e r i o n . The f i r s t 
p roper t ies excavated ( the Rectory and 432 Wi l l i am 
Street) were cleaned up to near background leve ls , 
while the la te r work on the two addi t ional properties 
(Rosamilia and Kays) achieved a level of approximately 
twice background. This.may be a t t r i bu ted to increas
ing confidence in f i e l d measurement techniques and to 
increased e f f i c i e n c y of the excavat ion equipment 
operations. 

6.7.4 Conclusion 

The monitoring and sampling results from Phase I of the 
Middlesex cleanup demonstrate that the operation was 
successful in decontaminating the affected properties to 
levels not exceeding the selected criterion, and that 
personnel exposures and environmental releases were kept 
below applicable standards and guidelines. Programs 
for sampling and monitoring during Phase I may nave been 
somewhat more extensive than dictated by normal health 
physics practices, in favor of being conservative rather 
than risking an overexposure with a work force unexperi
enced in handling radioactive materials. Also, the great 
amount of public attention focused on the Phase I oper
ation and the desire by DOE to demonstrate at Middlesex a 
successful FUSRAP cleanup, demanded that every effort be 
made to document fully every aspect of the work. 

Review of the results and procedures from the Phase I 
operation suggests several changes in the level of samp
ling and monitoring which may be applied during subsequent 
phases of the Middlesex project and future remedial action 
work of a similar nature. These changes, which are out
lined more fully by EIC in their report on Phase I , 1 4 

include reductions in personnel, environmental, and soil 
sampling and analyses. 

Reductions in personnel monitoring may be feasible after 
i n i t i a l monitoring has defined levels of radioactivity 
for the site. Such reductions may be made in the frequen
cies of TLD exchange (quarterly, rather than monthly) and 
bioassay sample collection (project startup and end, 
rather than monthly). No change is recommended in the 
personnel air particulate sampling program as i t was 
implemented during Phase I . 
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Environmental monitoring programs may also be reduced, 
since background radiat ion levels have been established 
for the s i t e . Frequency of surface water samples may be 
changed from dai ly and weekly to monthly (except during 
periods of high construct ion a c t i v i t y and a f t e r r a i n f a l l ) . 
Groundwater sampling may be reduced from monthly to 
quar ter ly . I t i s recommended that continuous a i r par t i cu
la te monitoring be maintained at each excavation s i t e 
during remedial ac t ion. Gaseous a i r samples for radon 
ana lys is snould be c o l l e c t e d week ly , as in Phase I . 

I t was est imated tha t the 2 x 2 meter s o i l sampling 
gr id u t i l i zed for Phase I would, i f applied to Phase I I , 
resul t in 10,000 soi l samples with a to ta l weight of over 
16 tons. Based on the data from Phase I , i t is recommen
ded that during Phase I I a reduced number of samples be 
taken on a larger (5 x 5 m) g r i d , wi th increased rel iance 
on j_n_ s i tu measurements. 

The degree to which the Phase I cleanup went beyond the 
c r i t e r i on level and exceeded the estimates of material 
generated from each s i te may be a t t r i bu ted to uncertain
t i es concerning appl icat ion of the c r i t e r i o n , lack of 
guidelines for applying ALARA, and conservatism in conduc
t ing t h i s , the f i r s t cleanup operation under FUSRAP. For 
f u tu re remedial ac t ion work i t should be determined 
whether the 5 pCi/g 22£>Ra concentration is an absolute 
l i m i t which should not be exceeded by any sample, or 
whether i t i s an average of a l l samples. Also, DOE should 
provide some guidance as to what is reasonable in terms of 
remedial action costs versus health benef i ts for applying 
ALARA in r e t r i e v i n g m in ima l l y contaminated mate r ia l 
from the bottom of excavated areas. 
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GOVERNMENT, SUBCONTRACTOR, AND PUBLIC INTERFACE WITH NLO 

7.1 Introduction: 

The Phase I Remedial Action Program as undertaken by NLO 
was very much in the puolic eye, particularly with the local 
populus. NLO made a special effort to keep the local citizens 
informed and responded to any concerns throughout the design and 
implementation of the Phase I project. 

In addition to the local citizens, the general populus of 
the New York City Metropolitan area was also frequently informed 
by the media. Although NLO policy denied formal interviews, 
the media was informed to the extent possible with information 
available in published reports. 

7.2 Borough of Middlesex: 

The Borough officials nad a difficult task during the implemen
tation of Phase I since they were the interface between the 
public and NLO. I n i t i a l l y , the relationship between the Borough 
and NLO was somewhat less than desirable? however, because of 
the cooperative effort between the two groups, a considerable 
improvement in the rapport was generated. The special status 
meetings and informal contacts with the Mayor all helped to 
strengthen the NLO position which in turn enabled the Borough to 
effectively oversee the operations and be assured that the 
cleanup work did proceed in a safe manner with no detrimental 
effects to the public or the environment. In essence, an 
effective working entity was created between the Borough and 
NLO, each of which complemented the other and brought a timely 
completion to the Phase I activities. 

7.3 Meetings: 

a) Borough of Middlesex 

The fi r s t meeting was held with the Borough of Middlesex 
on December 18, 1979. At that time NLO proposed to 
the local officials as well as the public, the plans for 
conducting the Phase I cleanup operation. 

Subsequent meetings were held prior to implementation 
of Phase I to continually inform the Borough of the 
planning and to officially invite their input. On June 
19th, the f i r s t meeting was held with the Borough during 
the actual implementation of Phase I . The Borough was 
responsive to the decontamination plan and had by this 
time distributed a flyer to the local populus informing 
them of the scheduled a c t i v i t i e s . At the June 19th 
meeting, Mr. Ronald S. Dobies, Mayor of Middlesex, in
formed NLO that Dr. Ronald Cohen and the Middlesex Board 
of Health would take an active role in the project. The 
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Board of Health would act as an Oversite Committee to 
monitor NLO's operations to be certain that all activities 
were performed to plan and in the best interests of the 
local citizens. 

Public Meeting of June 26 

The Borough stressed the importance of good communications 
between themselves and NLO, so the public could be ade
quately informed. As a result of the June 12th flyer, the 
public finally began to become vocal due to the realiza
tion that the decontamination work was upon them. Due to 
public input, the Borough asked NLO to attend a meeting on 
June 26th to address the public and factually respond to 
their concerns. 

Status Meetings 

As a result of the June 26th meeting, and in order to 
maintain a close working relationship with NLO, the Board 
of Health requested NLO to attend a series of status 
meetings during the decontamination of the Rectory to 
update the Borough, as well as the public, on schedules 
and again to respond to the citizens' concerns. NLO 
agreed to this request based on the idea that the concerns 
of the public are justified and that they, as tax payers, 
are entitled to state their belief and in return be 
given a truthful and concise response. 

The status meetings (six in all) lasted throughout the 
Rectory decontamination. Upon completion of the Rectory 
decontamination, NLO had built up a great deal of credi
b i l i t y with the local people and as a result, no meetings 
were held during the William Street decontamination. 

Summary of Meetings with the Borougn of Middlesex 
June 19, 1980 (9:00 aTmTT * ' ' 

Purpose: Informational update on the Phase I activity 

Attendees: NLO, DOE-HQ, DOE-OR, FBDU, Borough, NJDEP, and 
press 

June 26, 1980 (7:00 p.m.) 

Purpose: Public meeting proposed to inform citizens on 
Phase I activities and answer questions regard
ing any concerns they had. 

Attendees: NLO, EIC, Borough, NJDEP, Public, and press 

July 1, 1980 (1:00 p.m.) 
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Purpose: Update the Borough on Phase I schedules and 
to discuss public concerns expressed at the June 
26, 1980 meeting. 

Attendees: NLO and Borough 

July 21, 1980 (7:00 p.m.) 

Purpose: F i r s t scheduled s t a t u s meeting to update the 
Borough and p u b l i c on the o f f s i t e proper ty 
cleanup operations. 

Attendees: NLO, EIC, DRI, EG&G, Borough, pub l ic and 
press 

July 28, 1980 (7:00 p.m.) 

Purpose: Second scheduled status meeting 

Attendees: NLO, Borough, public and press 

August 4, 1980 (7:00 p.m.) 

Purpose: Third scheduled status meeting 

Attendees: NLO, EIC, DRI, Borough, p u b l i c , and press 

August 11, 1980 (7:00 p.m.) 

Purpose: Fourth scheduled status meeting 

Attendees: NLO, EIC, FBDU, NJDEP, Borough, pub l i c and 
press 

August 18, 1980 (7:00 p.m.) 

Purpose: F i f t h scheduled status meeting 

Attendees: NLO, EIC, FBDU, NVOO, Borough, pub l i c and 
press 

August 25, 1980 

Purpose: Sixth scheduled status meeting 

Attendees: NLO, EIC, DOE-NV, Borough, public ano press 

October 6, 1980 (8:00 p.m.) 

Purpose: Regular Board of Health meeting. NLO presented 
an update on schedules and completion dates for 
the project. 

Attendees: NLO and Borough 
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7.4 Township of Piscataway: 

Several c a l l s were made t o Mr. Z a n e t t i , Township Engineer 
fo r Piscataway and respons ib le f o r the Piscataway phase of 
the pro jec t , dur ing- the Phase I a c t i v i t i e s for updates. No 
public meetings were held in Piscataway for two reasons: 

1. The cleanup of the Rectory and 432 Wil l iam Street property 
was not a radical issue with the c i t i zens of Piscataway. 

2. Mayor Dobies had an understanding w i t h the Piscataway 
Major to o f f i c i a l l y oversee the 432 Wil l iam Street Cleanup 
and as a resu l t , inv i ted the Piscataway residents to attend 
the Middlesex public meetings. 

NLO attained good working re lat ionships with both the o f f i c i a l s 
of the Borough and Township. I t i s impor tan t to keep t h i s 
re la t ionsh ip a l ive throughout the Phase I I planning, because 
i t w i l l expedi te the decontaminat ion proceedings f o r next 
year. 

7.5 Department of Energy - Oak Ridge Operations (DOE-OR) 

The Technical Services Division of DOE-OR was the NLO main 
contact throughout Phase I . Due to limited staffing of DOE-OR, 
a permanent representative was not present in Middlesex. 
Despite this however, the NLO Resident Engineer kept the DOE 
informed of all events that transpired. The direct link between 
the two parties enabled NLO to respond quickly to the concerns 
of the project and again aided to satisfactorily complete the 
job. 

7.5 New Jersey Department of Environmental Protection (NJDEP) 

Jeanette Eng of the NJDEP and her staff visited the Middlesex 
Site frequently to monitor the NLO operation to insure public 
safety. The NJDEP was particularly helpful when representatives 
attended the June 26th public meeting and aided NLO representa
tives to meet with the citizens. In addition, the NJDEP accom
panied NLO to other public meetings, aided NLO in dealing with 
the media, and provided guidance and labor during the soil 
sampling process for certification. 

7.7 Oak Ridge National Laboratories (ORNL) 

ORNL, the radiological survey contractor for EV-ECT was respon
sible for providing an independent and unbiased check on the 
samples and measurements taken for certification at the Middle
sex Site. ORNL representatives, Barry Berven, Tim Myerick, 
Charles Clark et al, were responsive to the NLO needs to be 
present at the site during the soil sampling program. 
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7.8 Ford, Bacon, & Davis, Utah, Inc. (FBDU) 

FBDU provided consulting engineering service during the design 
stage of the Phase I work. They also provided a l im i ted amount 
of d r a f t i n g serv ice and ass is tance w i t h the p repara t i on of 
the construction spec i f i ca t ions . During the remedial action 
work, f i e l d engineering support was provided by FBDU personnel 
through routine inspect ion, t e s t i n g , and f i e l d measurements. 

7.9 Eberline Instrument Corporation (EIC) 

EIC provided complete health-physics coverage, radiological 
consul t ing, radiological engineering/construct ion f i e l d support 
and environmental m o n i t o r i n g , w i t h complete documentat ion. 

7.10 J . H. Reid Company: 

The Reid Company provided expert ise in the area of s i t e improve
ments. Although i n i t i a l l y unaccustomed to the importance of 
good housekeeping practices for con t ro l l i ng radioact ive ma
t e r i a l s , the rep resen ta t i ves of the J . H. Reid Company d id 
become responsive to the NLO requirements and performed a 
sat is factory j ob . 

7.11 Conti Construction Company: 

The Conti Construction Company was a highly s k i l l e d and innova
t i v e group of ind iv idua ls . The representatives of the Company 
were very responsive to the radio logica l concerns of the project 
and made every e f f o r t to perform work in accordance with the 
des i res of NLO. The working r e l a t i o n s h i p o f NLO and Conti 
was excel lent and shows with the product of the pro jec t . 

7.12 Mound Labs: 

Mound Laboratory was under con t rac t w i t h DOE-HQ to prov ide 
radon monitoring of the Middlesex Plant s i t e and associated 
propert ies. 

7.13 EG&G, DRI, and NV00: 

The individuals from Las Vegas under contract by DOE-NV were 
highly skilled and provided expertise which aided NLO in a 
timely conclusion to the Phase I project. NV00 and subcontrac
tors, EGAG and DRI were very responsive to the needs of NLO 
during excavation and to aid in the gathering of information 
for Phase II. 
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7.14 Press: 

As stated before, the media was informed to the extent possible 
of activities conducted during the offsite property cleanup 
operation. The local media groups were in constant communica
tion with NLO field representatives by attending the public 
meetings, phone and site visitation. Various other groups out 
of New York City and Philadelphia contacted NLO or the Borough 
on occasions; however, did not follow the work as closely as the 
local media. 

The following is a 1 i st of media groups inquiring about the activities 
at the Middlesex Site: 

Agency Date Mode of Contact 

Daily Record (N) June 9 Visit 
Home News (N) July 30 Visit 
NBC (Channel 7) (T) July 30 Vi sit 
WNEW (Channel 5) (T) July 30 Phone & Visit 
Woodbridge Tribune (N) August 4 Phone 
WNEW (Channel 5) ' (T) August 7 Phone 
WNET (Channel 13) (T) August 8 Visit 
Cable Channel 6 (T) August 11 Visit 
Home News (N) August 12 Visit 
Woodbridge Tribune (N) August 13 Phone 
Cable Channel 6 (T) August 14 Visit 
Courier News (N) August 19 Phone 
Courier News (N) August 20 Phone 
Middlesex Chronicle (N) August 20 Phone 
WCTC (R) August 20 Phone 
Home News (N) August 21 Visit 
Middlesex Chronicle (N) August 27 Phone 
WERA (R) September 15 Phone 
WERA (R) September 21 Phone 

(N) - Newspaper (T) - Television (R) - Radio 

Additional contacts were made with the Middlesex Chronicle, Home News and 
Courier News at public meetings and are not listed above. 
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DOCUMENTATION AND SURVEILLANCE 

8.1 Photographs 

Numerous photographs were prepared during the Phase I operation in 
order to graphically document the many field activities. Repre
sentative photographs highlighting the various field operations 
are included in Appendix A. 

8.2 As-Built Construction Drawings 

The as-built drawings depict all of the work performed by both the 
J. H. Reid Company and Conti Construction Company during the 
implementation of the Phase I program. All of the field changes, 
together with the original work specified, have been included to 
thoroughly and accurately document a l l of the work actually 
completed. 

8.3 Phase I I Surveys 

While implementing the Phase I program, NLO decided that i t would 
be feasible to gather additional radiological data for use in the 
Phase I I planning. NLO requested EIC to collect soil samples from 
the Phase I I properties to supplement the data previously obtained 
by ORNL and FBDU. In addition, NLO requested the service of EG&G 
to provide more thorough radiological data to define the spread of 
surface contamination. 

EG&G surveyed the north, east, and west boundaries of the Plant 
Site and a limited area along the southeast corner. Operations 
were curtailed at that point because of the expense and authori
zations required to clean the south ditch area of vegetation. 
Verbal permissions were received from the affected parties and the 
work was performed during September and October, 1980. 

8.4 Post Construction Maintenance and Surveillance 

Routine monitoring of the pile and inspection of the pile cover is 
the most important post construction operation. Periodically, NLO 
personnel examine the EPDM cover to insure that all seams are 
intact and that the cover has not been subjected to vandalism. 
Enviroclear, who provided and supervised the installation of the 
EPDM cover, supplied a maintenance procedure to be followed i f 
there is a need to repair a tear or rip in the cover. 

In addition, NLO Middlesex Site personnel are continuing to 
collect water samples from the test wells, the settling tanks, and 
the stream. Those samples, which are sent to EIC, document 
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effectiveness of the containment of contaminated soil by the 
asphalt pad and the EPDM cover. 

Air particulate samples are obtained on a weekly basis from 
the four samplers surrounding the storage area. Mound Labora
tory will continue to evaluate radon levels along the pile 
perimeter, as well as radon levels at various distances from the 
Plant Site. 

The long-term environmental monitoring program for the site 
is presented in Reference 15. 
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9.0 LESSONS LEARNED 

9.1 Introduction 

After their return to FMPC in mid November, 1980, D&D Field 
Personnel compiled a list of items, each of which should be 
reviewed and evaluated prior to the initiation of any future 
work. These "Lessons Learned" will be beneficial to NLO or 
others who anticipate future involvement with low level radio
active waste decontamination programs. 

° Equipment Restrictions: 

Restricting the type and kind of equipment that the Subcontrac
tor is permitted to use will probably result in a higher unit 
cost. Since there are specific radiological limitations, the 
specifications should stipulate that the excavation must proceed 
in a clean and orderly manner with no cross contamination of 
previously excavated areas, and with minimal generation of 
dust. 

° Radiological Survey: 

The scope of work for the Phase I construction was based on 
radiological surveys conducted by ORNL and FBDU. Since the 
surveys included both the plant site and the off-site proper
ties, the results were sparse and the contamination limits not 
well defined. A more extensive survey should be performed for 
the entire area to more accurately delineate the extent of the 
contamination. With a more comprehensive scope of work, the 
Remedial Action Subcontractor may be able to provide a less 
costly bid and possibly complete the work with fewer change 
orders. 

o Radiological Support 

EIC provided excellent radiological coverage for the Phase 
I operation. However, the radiological subcontract was not 
in place in time to provide adequate field preparation. It is 
suggested that a minimum of three months be allowed for pre
paring the field labs, change trailer, and other preliminary 
activities. More important, however, the radiological sub
contractor can provide input into the planning phase of the 
work. 

For Phase. I I , the radiological subcontractor will have to 
be on site early to install the air monitoring stations. 
Electrical service will be required for these units. 
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The archive rooms in the Process Warehouse must be extended. 
Efforts should be made to increase the shelving capability 
to accommodate the Phase I I samples. The radiological subcon
tractor will not have time to perform this work during the 
construction period. 

If soil samples on the two meter grid are s t i l l required during 
Phase I I , consideration should be given to installing a bank 
of ball mills and drying ovens in the sample prep lab. During 
Phase I a large number of samples required many hours of pulver
izing by hand. This was slow and required many more people 
than would have been necessary with the proper equipment. 

The lab should also be set up to analyse water samples on-site. 
Phase I was conducted during a dry summer. However, i f i t 
had been a wet season, many hours would have been lost waiting 
for water results before dewatering excavation sites. 

° Public Relations 

The public is an important factor in radiation cleanup. Contin
uing efforts should be made to have the appropriate people in on 
the i n i t i a l planning. During Phase I the Borough had acquired 
confidence in NLO. This should not be lost! 

In addition, a special presentation should be developed to 
educate the public about the problem at Middlesex. I t was 
evident at the i n i t i a l public meetings that the local citizens 
associated this work, or the dangers thereof, with the Three 
Mile Island Nuclear Reactor. 

Contacts with the public, and affected property owners in 
particular, should be coordinated between all involved agencies. 
Comments were made regarding the seeming lack of coordination 
when NLO, ORNL, Eberline, or Mound, were making independent 
visits to install monitors or take samples and most did not know 
of the others' visits. 

Plans, schedules, and data should be exchanged by the various 
agencies involved to assure that all interested parties receive 
desired information. The contact with Mound Labs, in partic
ular, was not as good as desired during Phase I . 

o Criteria 

Interpretation and application of the criteria should be evalu
ated, especially in regards to ALARA. ALARA should be defined, 
or guidelines for applying i t should be established. Guidelines 
are needed for determining in the field what is "reasonable" 
considering time, effort, cost, health effects, etc. During 
Phase I any identifiable (2X background) contamination as 
identified by ORNL was removed. In Phase I I there are potential 
areas where this may not be "reasonable", but guidelines should 
be set now so that delays can be minimized when they are en
countered. 
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The sampling procedure to certify meeting criteria should be 
reevaluated. Soil sampling on a 2 x 2 m grid over the large 
areas to be excavated in Phase I I seems excessive. Comparison 
of the IMP data and soil sample data from Phase I may justify 
certification based on IMP measurements, coupled with fewer 
selected soil samples. With such justification, a definite role 
for EG&G's services should be outlined for the FUSRAP program. 

o Worker Orientations 

The i n i t i a l worker orientation conducted by EIC with Reid 
personnel resulted in a reluctance of some people to work at the 
site. This was due to the inability of some Reid people to 
understand English. EIC distributed pamphlets which these people 
took home to their children to interpret. As a result, fear was 
instilled in these people and resulted in a time delay for the 
i n i t i a l construction a c t i v i t i e s . The orientation has been 
refined to alleviate this problem. 

Local labor possessing adequate s k i l l and talent should be 
hired when appropriate. To pay technicians from Eberline and 
surveyors from FBDU to fly cross country, on per diem, and at 
higher wages to perform basic tasks which can be performed 
locally is not economical. Eberline did hire two local students 
during Phase I and the arrangement seemed to work out quite 
wel 1. 

o Storage Pile 

Thought should be given to building the Phase I I pile in cells. 
This would continue to keep the pile sealed and possibly reduce 
public criticism. 

o Method of Payment- Excavation 

The method of measurement for payment for dirt removed should 
be by an engineering cross section of the excavation. However, 
since Phase I I is so extensive, and irregular, consideration 
should be directed toward payment based on material placed and. 
compacted in the storage pile. In this case truck load measure 
could be used for progress payment with final payment adjusted 
after the pile is complete and cross sectioned. 

o Contracting Process 

a. Damages Clause - In both cases for Phase I , the contractors 
(Reid and Conti) had a schedule to do the work. However, 
the contract did not include a liquidated damages clause 
to force the contractor to act in the alloted time frame. 
Therefore, the time was not controllable. This should be 
corrected by including a penalty clause in the contract. 
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b. Unbalanced bid - The Remedial Action Contractor (Conti) 
submitted the low bid, but unbalanced in favor of the 
excavation task. As events turned out this resulted 
in high overall costs for the contract. Precautions to 
prevent this must be taken in Phase I I . 

c. Downtime of Contractor - Many times during Phase I the 
contractor was forced to shut down (due to soil sampling 
operations, etc.) and implied that he would file for 
compensation. Possibly an item on the bid list should 
be developed for down time. On a competitive bid a reason
able price would be obtained and would also provide ade
quate time for soil sampling by the radiological support 
personnel. 

d. Contamination on Undesignated Properties - It should be 
recognized by EP-OOS that radionuclide migration and leach
ing do not respect property lines, and that whenever 
contamination is found near the edge of a property which is 
designated for remedial action, a possibility exists that 
the neighboring property, right-of-way, or street may be 
affected by the excavation. 

In order to avoid delays in the field, this possibility 
should be prepared for by giving some sort of temporary 
designation status for potential remedial action to such 
properties, so that owner agreements and contingency plans 
may be in place ahead of time. Such designation should 
explain clearly to the owner that the preparations are for 
potential, not necessarily real, contamination so that if 
no excavation actually takes place on his property he 
will not have lingering doubts about contamination remain
ing. 

######## 
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APPENDIX A 

PHOTOGRAPHS 
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Temporary spoils pile and erosion control measures 
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Grading material on storage pad 

Monitoring of a dump truck at Wood Avenue gate 
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Clearing Rectory foundation wall with chipper gun 

Backfilling east side of Rectory 
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Clearing at 432 William Street 



Excavation of 432 William Street property 

Existing garage at William Street prior to demolition 
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Backhoe bucket with plate used throughout Phase I decontamination 
for excavation purposes 

Contaminated area beneath house at 432 William Street 
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Backhoe bucket with plate used throughout Phase I decontamination 
for excavation purposes 

Contaminated area beneath house at 432 William Street 
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Demolition of garage at 432 William Street 

Removal of contamination beneath 432 William Street house 
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Soil sampling at 432 William Street 

Restoration of 432 William Street property 
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Replacement garage at 432 William Street 

Restoration of plantings at Rectory 
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Placement of sod at Rectory 
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Excavation at east property line of Rosamilia site 

Soil sampling at Rosamilia property 
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Excavation at northwest corner of Kays property 
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